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NESMANN 





Due to the steadfast policy of keeping pace with technical progress and constantly improving 
the basic principles of the Mannesmann brothers’ revolutionary invention of the seamless 
steel tube, Mannesmann pipes today enjoy a firmly established reputation 
throughout the world for dependability, safety, and economy. 

Whether it is a question of conveying gas, water, steam or 
oil, or providing service connections and plumbing 
systems, or whether long-distance transmission lines 

and penstocks—no matter how high the gradients- 
have to be constructed; Mannesmann tubes 
and pipes can be relied upon to meet 
fully the severest requirements of 


any particular application. 


MANNESMANN EXPORT OUR AGENTS IN INDIA 


GNBH DODSAL LIMITED 


BOMBAY, CALCUTTA & DELHI 
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RESEARCH 
the path to progress 


The extensive manufacturing programme of the House of Siemens 
demands unceasing development work in all fields of electrical 
engineering. 

Ourpolicy has always been to devote a large part of our resources 
to research, both to solve immediate problems and to acquire data 


of fundamental importance. 


One in five of our 120,000 employees is occupied to-day with re- 
search and development. This large community continues the work 
which Werner von Siemens began more than 100 years ago. 


Practical research on electrical equipment 
at the high-voltage testing station. 


SIEMENS & HALSKE AG-SIEMENS-SCHUCKERTWERKE AG 
BERLIN+>-MUNCHEN*ERLANGEN 
SOLE REPRESENTATIVES IN INDIA: 
PROTOS ENGINEERING COMPANY LIMITED 
SIEMENS DEPARTMENT 
BOMBAY - CALCUTTA - NEW DELHI - MADRAS 





TECHNOEXPORT 


COMPLETE MACHINERY EQUIPMENT OF WATER POWER PLANTS 


Turbines of Francis and Pelton types of any output, 
special Kaplan turbines, vertical and horizontal generators, 
all electric fittings. Complete deliveries with joint and 
integral guarantee. 

TRADE REPRESENTATION OF THE CZECHOSLOVAK REPUBLIC 

Calcutta Branch 
P-38, Mission Row Extension, 
Calcutta - 13. 
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VSESOJUZNOJE OBJEDINENIJE 


MACHINOEXPORT 


32/34, Smolenskaia-Sennaia 
MOSCOW - G200, U.S. S. R. 


EXPORTS: 
Diesel Engines stationary and marine, 
vertical and horizontal, embodying the 
latest technical features, high standard of 
design, workmanship and materials. 
MODEL-DA-30/50 
vertical, tzvo-stroke, stationary type Diesel, 
four to six cylinders, 400 to 600 h.p., 300 


r.p.m. 
MODEL-3D 3A-12 
four stroke, twelve cylinder, marine Vectype 
Diesel, 300 h.p., 1500 r.p.m., 
MODEL 6CH 6-12/14 
vertical, four-stroke, six cylinder, stationary 
type Diesel, 80 h.p., 1500 r.p.m. 
MODEL 4Ch4-10,5/13 
vertical, four-stroke, four cylinder, sta- 
tionary type Diesel, 40 h.p., 1500 r.p.m. 


ALL TYPES OF DIESEL ENGINES ARE 
PROVIDED WITH SPARE PARTS. 


V/O “MACHINOEXPORT” 
ALSO EXPORTS : 
Machinery and Equipment for Mining,Oil, Metal- 
lurgical and Eiectrical Industries, Power Plants, 
Pumping and Compressor Installations, Hoisting 
and Transporting Units, Chemical Equipment and 
Equipment for Light Industries. 


For further particulars please write to: 
TRADE REPRESENTATION 
OF U.S.S.R. IN INDIA 


NEW DELHI 
House No. 21, Block 48. East West Road, 
Chanakyapuri. 
BOMBAY Branch CALCUTTA Branch 
46, Pedder Road 4, Camac Street 


SHOWROOMS: “WVASUNDHARA” 
Bhulabhai Desai Road, Bombay 26. , 
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ROAD ROLLERS 


AVELING-BARFORD LTD.,, 
ENGLAND. 








Builders of the world’s first Road Roller in 

1867, continual enterprise has established 

Aveling - Barford, as today’s leading makers. 

With their unsurpassed technical experience 

and our first-class service organisation Ave- 

ling-Barford Rollers continue to be first on 
the road. 


For full particulars please 
write to the Agents: 





Northern & Eastern India Southern & Western India 
JESSOP & CO. LTD., GREAVES COTTON & 
P. O. Box 108 CO. LTD., 
CALCUTTA. 1, FORBES STREET, 


BOMBAY-1. 




















Air circuit breakers for medium voltages and 3.3 kV systems 








“ENGLISH ELectric’, pioneers of heavy duty air circuit breakers, have had unrivalled 
experience in the design and manufacture of this highly specialised equipment. 

Backed by more than 40 years’ experience of switchgear 
manufacture, ‘ ENGLISH ELectric’ have developed type 
OB indoor air circuit breakers for use on medium 
voltage and 3.3 kV systems, in power stations and for 
industrial consumers. 

The type OB.3 air circuit breaker illustrated has a rating 
of 1,600 amps. 660 volts and 25 MVA when tested to 
BS.116, and can be supplied in either single or double 
tier cubicles with hand or electrical operation. 

* ENGLIsH ELectric* type OB air circuit breakers are 
designed for safe and consistent operation, for reliability 
under all conditions of service, with the minimum 
maintenance cost. 


ENGLISH ELECTRIC 


switchgear 
THE ENGLISH ELECTRIC CO. LTD. 


CALCUTTA BOMBAY MADRAS NEW DELHI LUCKNOW. 
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SERVING INDIA 
WITH 
75 YEARS’ EXPERIENCE 
OF COMPRESSED AIR 
ENGINEERING 
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Backed by.75 years of specialised experience in the manu- 
facture of compressor units and pneumatic tools, Atlas- 
Diesel equipment is outstanding for economy and reliability. 
Made of first-class Swedish materials, Atlas-Diesel units 
have seen service in many corners of the globe, earning 








everywhere a high reputation for dependability. 

Atlas-Diescl equipment is backed by fully qualified after-sales 
service to help users to get the very best value for their 
investment. Atlas Diesel equipment is widely used through- 
out the world in DAM CONSTRUCTION, QUARRY- 
ING, MINING and GENERAL ENGINEERING. 

On active service in the Damodar Valley, Hirakud, Bhakra- 
Nangal, Tungabhadra, Mata Tila Dam Project and many 
other Five Year Plan projects, Atlas-Diesel equipment is 
playing its part in building a new India. 








De” 


pi \ VULCAN TRADING CO. LTD. 
vIx 29 Wiss — CALCUTTA BOMBAY MADRAS '- NEW DELHI 
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SERVICING TRANSFORMER OiLs The Trailer-Mounted Streamline Filter 


illustrated is designed to service Trans- 
former and Switch Oils at site by re- 
moval of all suspended matter and 
particles of moisture, thus improving 
the dielectric strength of these oils upto 
100°, of their original value. 











Capacities vary from 5 to 450 gallons 
per hour. They can be operated with 
absolute safety without closing down 
the plant. The cost of servicing these 
oils is insignificant in the light of 
security and economy effected by 
regular and efficient conditioning of 
the insulating oil. 


Consult: HEATLY & GRESHAM LTD. 


Sole Agents for WEST BENGAL, BIHAR, ORISSA & ASSAM 


For STREAM-LINE FILTERS LTD. 


LONDON--ENGLAND 
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- lanning for devel d i 
POWERFUL UNION THAT PAYS so sicres mainly epend on ston 


of equipment. 










Fordson range of equipment and ancillary 
manufacturers offer the ideal combination 
that makes every phase of the project 
work and their allied operations more 


paying. 











‘The County Crawler is a 40.5 h.p. Tractor 
with a maximum sustained drawbar pull 
of 10,500 Ibs. 







Capacity (5S. A. E. Standard ) 
Struck.....2.7 cu. yards....2.065 cu. metres. 


Assemblers & Sole Distributors in India. 


THE UNITED PROVINCES COMMERCIAL CORPORATION 
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uwood Conveyors are 
H playing their part in 
the construction of the many 
dams now being built across the 
Indian rivers — dams which have 
the purpose of combining irrigation 
with the production of cheap electric power. Dam 
construction is testing work for the conveyors P ei 
employed .. contractors must be sure of obtaining 
equipment which is both reliable and exactly adapted to their needs. 


— Wood & Co.,Ltd. 
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: Goodyear supplied the longest Conveyor Belt for a 735 feet centres conveyor at Zenith Furnace Co. 


: Goodyear made first vulcanised splice with steam vulcanizer. 


: Goodyear developed Electric Vulcanizer, eliminating mechanical splice. 


: Splice Vulcanization enabled Goodyear install the world’s longest belt 2,434 feet centres at 


H. C. Frick Coke Co. 


: Goodyear supplied the world’s longest belt installed at Grand Coulee Dam with 4,745 feet centres. 


: Goodyear installed belts for world’s longest over-land conveyor system at Shasta Dam; Conveyor 


1948: 


1949: 


1950: 


1954: 


length 9.6 miles. 


Goodyeor supplied second longest over-land conveyor system at Bull Shoals Dam. Conveyor length 
opproximately seven miles 

Goodyear installed world’s longest single flight Conveyor Belt of steel cable construction, total 
length of conveyor 10,960 feet centre to centre at Weirton Coal Company's Mine, West Virginia. 
Goodyear installed world’s highest single flight lift belt for Chicago-Wilmingdon & Franklin Mine 
— total lift 868 feet. 

Goodyear developed and installed first Speedwalk belt at Hudson & Manhattan Railroads, Eire in 
Jersy City to unload and load 10,800 people per hour commuting to and from the city. 





We are pleased to e that in accordance with Goodyear’s world wide expansion policy, 
we can offer you conveyor belting manufactured in India in the quality that is expected of a 
product bearing Goodyear’s name. 


GOODFYEAR 


THE GREATEST NAME IN RUBBER 


RPG/28 


INDUSTRIAL PRODUCTS DEPARTMENT 
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“LISSAPOL N in Concrete Mixes 


* Increases workability 
* Has no chemical effect on the mix 


* The strength of the finished concrete 
can be improved 





Cement can be saved 


IMPERIAL CHEMICAL INDUSTRIES (INDIA) LIMITED 
Calcutta Bombay Madras Kanpur New Delhi 


Ahmedabad Amritsar Cochin 


(CG 12% 
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220,000 tons of ACC cement 





fave been used 
in the TUNGABHADRA project 








b 





Concrete dams are helping 
to convert our country’s 
waste places into areas of 


prosperity with food for all. 


THE ASSOCIATED CEMENT COMPANIES LIMITED 


Sales Managers: 


THE CEMENT MARKETING COMPANY OF INDIA LIMITED 
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Another Typical Installation 

















82 of these motors are used in driving 
carding machines in the Swatantra Bharat Mills, 
New Delhi, 


We build motors specially for the Textile 
industry with High Starting Torque, low 


temperature rise, exceptionally short overall 


dimensions, to meet every application in the mills. 


KIRLOSKARIG) ELECTRIC 


KIRLOSKAR ELECTRIC COMPANY LIMITED, BANGALORE-3. 
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BLACKWOOD HODGE 


Announce that with the 
merger of 


THE MARION POWER SHOVEL CO. 
& 
THE OSGOOD CO. 


they have been appointed 


SOLE AGENTS IN INDIA & 
NEPAL 


for the complete 


MARION-OSGOOD-GENERAL 


range of Excavators and 
Cranes, Shovels, Draglines, 


Clamshells; 3 cubic yd. to 
60 cubic yds. capacity, and 
Truck Mounted Cranes, 
Wagon Cranes & Excavators. 


@ 


BLACKWOOD HODGE 


BLACKWOOD HODGE (INDIA ) LTD. 
CALCUTTA @ MADRAS e DELHI e BOMBAY 
Associated Companies Branches Works and Agencies 
Throughout the World 














INDIA SUPER 
ML Purpose Tyte 


This scientifically designed tyre is equally at home on soft 
ground, when its heavy shoulders give 
maximum traction, and on paved sur- 
faces, where the centre riding rib 
ensures long life and smooth riding. 











Now with RAYON 
casing for cooler 
running... 

=| greater mileage 
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Cold and hot Acid-proof Pumps 

water Pumps Irrigation Pumps 
Mine Pumps Deep-well Pumps 
Fire fighting Pumps Vacuum Pumps 


In various capacities 
For favourable delivery times 


» TECHNOIMPEX « 


HUNGARIAN MACHINE INDUSTRIES FOREIGN TRADE Co. 
BUDAPEST 62 P.O.B. 183 HUNGARY 
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ATOMIC POWER DEVELOPMENT 
THROUGH THE MEDIUM OF 
STEAM 


O Babcock & Wilcox, 

‘To the atomic future is a natural pro- 
gression in their own specialized field, for 
the application of nuclear energy to power 
generation is through the medium of steam. 


With their unique experience of over 80 
years in steam engineering, combined with 
modern and manufacturing facilities, 
unrivalled position to meet 
the challenge of the atomic age. 


the advance 


research 
they are in an 


During the past seven years, they have 
collaborated with the British Atomic Energy 
Authority in feasibility studies outlining the 
shape of future atomic power development and 
are working with the Authority in the design 
of the new atomic power stations envisaged 
by the U. K. Government ten year programme. 


Already they have manufactured the 
special steam-generating plant 
which they designed jointly 
with the Atomic Energy 
pe ie 
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ee “ 


etm 
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Authority for the world’s first full-scale atomic 
power station at Calder Hall and have recently 
received further orders three times the size 
of the original contract. 


An atomic power plant, involving equip- 
ment for fuel-handling and preparation, a 
nuclear reactor using the heat from uranium 
fuel and a heat-exchanger for steam genera- 
with the modern coal or 
plant with its equipment 
fuel-handling and preparation, the boiler 
furnace with its combustion equipment and 
the boiler or heat-exchange component. 


tion, is a parallel 
oil-fired power 
for 


Babcock & Wilcox have wide ex- 
perience in all these aspects of modern 
power generation and, with their  inter- 
national organization, are particularly well 

placed to collaborate in the world- 
wide development and_ realization 
of complete projects for the 


peaceful uses of atomic energy. 
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BABCOCK & WILCOX OF INDIA LTD 


4, BANKSHALL STREET, CALCUTTA. THE WOR 


> 


LEADI 


Ni 


STEAM 


BABCOCK & WILCOX OF INDIA LTD., are exhibiting at the INDIAN INDUSTRIES FAIR, NEW DELHI, Oct. 29 to Dec. 15 
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international TD-24 crawler tractor 
with hydraulic buligrader 


International B-250 four-wheel scraper 
for use with the TD-24 tractor 
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International TD-24 crawler tractor 
with cable tilt-dozer 


International 217-75 two-wheel rubber- 
tired tractor and 18 yard scraper 





International TD-14A crawler tractor 
with hydraulic skid-shovel International 2T-75 two-wheel rubber-tired 


tractor and bottom dump wagon 


Hough Payloader — 4-whee! tractog 
with front-end loader 





source of supply for ALL your 


EA RTH MOVI w G equipment 


N Ow — grouped under the world-famous IH symbol — International 
offers a complete line of heavy-duty machines for every phase of 
earthmoving. This means that now, more than ever, your Interna- dozers, bullgraders and tilt-dozers 

tional Industrial Power distributor is your “Earthmoving Head- Four 4-wheel scrapers matched for use with the TD-24 end 
quarters”— a single source of supply for machines, service and parts. TD-18A tractors 


You'll find the right equipment to power your job faster, better Two high-speed, 2-wheel rubber-tired tractors with 18 and 13 
and more profitably — backed up by unsurpassed service facilities we a 
and parts supplies to keep your equipment operating. You cut down- High-speea bottom dump wagon with 20 yard capacity 


time, pile up profit-time every time with International. matened te the S578 Garter 


‘ 2 fi Eighteen 6 and 4 cylinder diesel and carbureted its 
A demonstration will prove that it’s International “Power That ; ee : a wooden 
A complete line of auxiliary equip luding cable con- 


Pays”—see your IH distributor today. International Harvester Ex- wal unit, genecaton, pumps, pipchooms, ad ond @ 
port Company, Chicago 1, U.S.A. shovels 


® Seven powerful crawler tractors headed by the giant TD-24 
* Twenty-two matching hydraulic and cable controlled bull 


at 








VOLTAS LIMITED - Successors to the Engineering 
Vo i A $s and Import Division of Volkart Brothers 
y, BOMBAY - CALCUTTA - MADRAS - COCHIN - NEW DELHI 


LUCKNOW - AHMEDABAD - SECUNDERABAD. 























Silting up of Reservoirs—| 


Silting up of reservoirs is an extremely important problem facing the { 
engineers of rivers valley projects in India. As more and more dams are being 
constructed, in accordance with the emphasis laid on river valley develop- 
ment in our National Plans, the issue is becoming increasingly crucial. 
But we have very little reliable data to go by in this matter. In the U.S.A. 
where a large number of reservoirs have been constructed, the question has 
grown into dangerous proportions. It is therefore very 
enthusiasm for big dams be sobered by the experience in other countries as 
also by a study of our own rivers. Sri Joshi, who is already welknown for his 
painstaking and thoughtful criticism of some of our country’s engineering 
policies, has provided a carefully analytical and constructive study of this 
grave problem of siltation. We draw special attention of all concerned to his 


paper. 


The article is meant to record suggestions regard- 
ing the estimation of the probable life of a reservoir 
to allow engineers and administrators to determine 
the advisaibility or otherwise of the execution of a 
project of which the reservoir forms an integral part. 


[2] Fears of Silting up of Reservoirs 

(2-1) One sometimes hears of criticism on the designs 
of certain reservoirs, tothe effect that they (irrigation 
or power reservoirs under construction or consider- 
ation) would silt up in a few decades. One also hears 
of statements refuting the above and confirming the 
assumption of designers of reservoirs that the very 
minimum life of the reservoir in question would be 
100 years, and probably that it would last for 400 
years or more. Not only laymen but also engineers 
in other fields get puzzled at these statements and 
counter-statements. One has, under the  circum- 
stances, no alternative but to depend upon experts 
for opinion in the absence of a simple method to 
calculate the probable life of a given reservoir. 


(2-2) The question of silting up of a reservoir is very 
vital ; upon its life will depend the success or failure 
of a scheme, whether meant for irrigation or for power. 
Though the responsibility about designs devolves 
mainly upon the designing engineer, it is very desir- 
able—almost essential—that an independent exami- 
nation of the problem should be possible by engineers 
not expert in that branch of engineering and also by 
administrators and laymen. 


(2-3) Regarding obtaining opinion of experts, the 
practical difficulty lies in the fact that as soon as one 
asks for such an opinion the expert on the subject 
asks for data for silt-samples over a number of cross 
sections on the stream in question, collected at least 
once every day for a minimum of Io years. Such data 
are generally not available, but even where such data 
have been collected, the quantity of bed-load still 
remains undetermined as no dependable method or 
technique to estimate that correctly is known. Experts 
say it is as low as 5%, in some cases ; it is said to be 
as large as 20°, or more in other cases. 


N. S. Joshi, B. E., M. R. San. 1, is a 


” 


Superintending Engineer from Bombay. 


retired 





necessary that our 


AUTHOR 


(2-4) Inacountry like India, aspiring to progress in 
stages by planning, this period of 10 years essential 
in collecting data of silt contents (even if the question 
of bed-load was kept out of sight) is equivalent to a 
denial of obtaining the advantage of planning and 
requiring postponement of such schemes by a period 
of Io or 15 years. The country can not afford to lose 
this valuable period, particularly as other countries 
will be progressing in the meantime. Nor will it be 
correct to construct reservoirs indiscriminately and 
take serious risk. The problem boils down to finding 
out a safe course between postponing all such schemes. 
by Io or 15 years and taking the risk of constructing 
reservoirs that were very likely to silt up fast and thus 
going to have a short span of useful life. 


[3] Data available in U.S.A. and in India 
(3-1) Instances are quoted of reservoirs in U.S.A. 
which have outlived several centuries and also of 
reservoirs that have silted up within a few years 
(10 to 15) of their construction. 


The rate of silting in Lake Meade (Colorado River) 
in the U.S.A. deserved to be mentioned first. The 
Colorado, it is estimated, brings down into the lake 
about 1,37,000 acre feet i.e., about 6,000 million 
cubic feet of silt, per year. The Lake was designed 
to hold 32 million acre feet of water and should, there- 
fore, have a life of more than two hundred years (32 
divided by 0.14) before complete silting up. Lake 
Meade is known to have made a successful scheme. 
It would not however be correct to conclude from the 
example of that lake in the U.S.A. that India in its 
present stage should also venture upon a similar 
scheme. Comments on this aspect will be found at 
the end of this paper. 


(3-2) Appendices I, II & III give data about 
silting of reservoirs in the U.S.A. (See pages 6,7,8) 

In Appendix I is given a statement of 43 Reservoirs 
in the U.S.A. with data about silting, surveys for 
which were carried out by the Soil Conservation 
Service, U.S.A. and data for which have been publish- 
ed at pages 120-121 of Technical Bulletin No. 524 
on “Silting of Reservoirs”. In Appendix II will be 
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found an extract from a statement printed on page 84 
of ‘‘some principles of accelerated streams and valley 
sedimentation’’—Technical Bulletin No. 695 U.S 
Department of Agriculture. This gives data for 21 
Reservoirs in U.S.A. where erosion observed was in 
excess of 1 inch in 40 years. In Appendix III is re- 
produced a statement giving rates of annual loss of 
contents of reservoirs by silting of certain reservoirs 
in U.S.A. These are reproduced from page 20 of 
Miscellaneous Publication No. 521 of U.S. Depart- 
ment of Agriculture—‘‘The Control of Reservoir 
Silting’’. This indicates probable life of 63 Reservoirs 
in the U.S.A. 


In the foreward to this last named publication, 
the Chief of Soil Conservation Service writes as under. 


“Water storage is a vital cog in the economy of 
War production in the United States. Our 9,000 
larger Dams and impounding Reservoirs supply 
one-third of the Nation’s electrical power, furnish 
water to areas where one-fifth of the Nation’s 
people and about one half of its War industry are 
located... These dams and reservoirs have cost 
us nearly 5 billion dollars. 


‘Many of the reservoirs that are vitally important 
to our war efforts are losing 1, 2, 3 and even 5 per 
cent of their capacity every year because of silting 
that results mainly from soil erosion on agricultural 
and range lands. In some exceptional cases, import- 
ant reservoirs have silted up in from I to 5 years. 
Already, nearly two thousand smaller reservoirs 
have been filled to the top of the dam with the 
debris of erosion—mostly washed out of unprotect- 
ed fields and pastures. The annual cost of reservoir 
silting is upwards of 50 million dollars.” 


(3-3) Engineers and othersin India would naturally 
be more interested to have data about the rate of silt de- 
position in reservoirsin India. Data available has been 
published in C.B.I. & P. publication No. 51 viz. “Silt 
ing of Reservoirs’ by Raibahadur A. N. Khosla. 
Reservoirs have been constructed for irrigation 
schemes mainly in South India, in M.P. and in U.P. 
Khosla’s book in question gives data for some reserv- 
oirs in Bombay, in U.P. and for a good many in M.P. 
No data have been published for Reservoirs in Mysore ; 
data for only two reservoirs have been given for 
reservoirs in the Hyderabad State. No data have been 
produced for the innumerable old tanks in Andhra, 
Mysore, Hyderabad and Madras. Names of about 
seven reservoirs in Bombay State give the total silt 
but the number of years during which the silt had 
accumulated is not given. The accuracy of the data 
included in the book is by no means the same in all 
cases ; in fact there is reason to believe that it varies 
widely. To draw definite conclusions from the data 
will be risky. The data from the C.B.I. publication 
in question has been tabulated and appears on page 
g,10,30 of this paper in 4 statements as under : 


Statement V.H. 1.e. ‘“Verv High” :—-Gives data for 
y cases where deposition of silt per year per 


square mile of catchment exceeds, 1,00,000 c.ft. 


Statement H. t.e. ‘‘High’’ :—Gives data for 15 cases 
where, deposition of silt per year per square mile 
of catchment exceeds 50,000 c.ft. but is less than 
I,00,000 c.ft. 


Statement L. 1.e. ‘“‘Low’’ :—Gives data for 25 cases 
where deposition of silt per year per square 
mile of catchment is between 10,000 and 50,000 
é.2%. 


Statement V.L. 1.e. “‘Very Low’’ :—Gives data for 
16 cases where deposition of silt per year per 
square mile of catchment is less than 10,000 c.ft. 


|4| Mistakes inherent in data for silting 

(4-1) Accepting all data in the C.B.I. Publication as 
equally dependable would be wrong ; this is particular- 
ly so as different methods are adopted at the time of 
different surveys for working out the figure of contents 
(and hence of silt deposited in reservoirs). The data 
thus derived leads sometimes to absurd results. This 
is best illustrated by the data for Dukwan Reservoir 
in U.P. The reservoir was constructed in the year 
1907 and surveys for contents (and hence for silt) 
were carried out in 1916, 1930, 1932, 1937 and 1942. 
The rate of silting per year per square mile of catch- 
ment as worked out from the data obtained from these 
surveys gives results as under. 








Period No. of — Silt deposited per 
From To years square mile of 
catchment per 
year (C.Ft.) 
1907 Ig16 9 7,600 
Igi6 1930 14 5,500 
1930 1932 2 6,600 
1932 1937 5 5,300... Scour 
1937 1942 5 Negligible 
Average : 
1907 TQ42 35 3,700 





The danger involved in accepting the average figures 
or the figure for any particular period needs no 
comments. 


There is also another reason. No reservoir provided 
with a waste-weir can ever silt up by 100%. Floods 
passing over the weir create a scooping action and do 
not allow the silt to deposit in a few feet below the sill 
of the waste-weir. Sketch No. 1 illustrates this. (p.3) 
This phenomena is seen prominently in the case of all 
(pick-up) weirs and of reservoirs which have silted 
up to within a few feet of the sill of the waste weir. 
That alone can explain the fact that many petty tanks 
in Madras, Andhra, Mysore and Hyderabad States 
continue to have a fair capacity even after several 
hundred years after construction. 


(4-2) Unfortunately, the year when the reservo 
silted up nearly completely i.e., the year from which 
scooping action began is difficult to determine and is in 
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SILTING UP OF RESERVOIRS 


SKETEOM N21 (NOT TO SCALE) 


CROSS SECTION SHOWING SILT DEPOSITION (N THE 


__ SFL. 


GOT A SMALL SLOPE 
THE WASTE WEIR 


DHUKWAN RESERVOIR 


ON TWE BETWA RIVER 
iN THE U.P. (NEAR SUHANSI) 
MAWVING ALONG WASTE WEIR PRACTICALLY ALONG 
LENGTH OF THE OAM 


THE 


any case not recorded : in fact the existence of this 
scooping action does not appear to have received the 
attention of observers. 


This action along with mistaken figures inherent 
in the data for silt deposition based on different 
methods of surveys, is almost certain to result in 
incorrect figures and to lead to incorrect conclusions 
being drawn from the figures available. 


Owing to these difficulties inherent in the data on 
silting of reservoirs, mere collection of data for more 
reservoits will not help formulation of rules for 
correlating silt per square mile per year on rational 
factors like the steepness of slope. Reasons which 
make formulation of dependable rules on this problem 
impossible have been explained in paragraph 8. 


(4-3) ‘Statement No. A froma paper read by the author 
viz. “Silt Deposition in Tank Basins in Trap rock 
zones of Bombay State with 20 to 30 inches of annual 
rain-fall’’ readat and published by the World Confer- 
ence on Large Dams (New Delhi 1951), is reproduced 
as ‘Table No. 1. C.B.I. Publication No. 51 includes 
some of the tanksin the list; certain (small) differences 
are found in the two publications in the data for the 
same tank. The author had the advantage of visiting 
the tanks in question personally and obtaining data 
on spot after scrutiny of the figures. 


[5] The real cause of anxiety and difficulty experienced 

(5-1) It will be seen that the life of many reservoirs 
listed in Appendices I and III for certain reservoirs in 
U.S.A. is smaller than even 50 years. In this connec- 
tion, it is necessary to record that the books from 


(1) OH UM WAN RESERVOIR (2) 


Away FRO 


wrote 





A ee ee 


TOP OF SILT WITH 


SLOPE AWwAy FRO” 7 


V/R PICKUP 


ON THE NIRA RIVER 
THE NIRA CANALS SYSTEM (NEAR POONA) 
‘NN BOMIBAY STATE 


WEIR 


which these data have been reproduced were publish- 
ed with a view to explaining the importance of soil 
conservation by measures like contour bunding to 
stop denudation. It is not unlikely that there was 
therefore some bias and a tendency to exaggerate the 
rate of silting. The propagandists of soil conservation 
in India state that agricultural land was being denuded 
in certain areas in the Eastern (famine-stricken) part 
of Bombay State at a rate of about 1 inch per year 
and that about 1 3 to 1 5th inch per year was a fair 
average figure applicable to large areas there. These 
figures of rates of denudation have been quoted in 
publications of workers in soil conservation and of 
advocates of dry farming. Had the average rate of 
denudation been 1 3” or 15” per year, the silt brought 
down annually by streams and deposited in the 
reservoirsinthe said Eastern partof Bombay Deccan 
would have beenof the order of 7,75,000 and 4,60,000 
c.ft. respectively peryear per square mile of catch- 
ment. Tanks in the said region are, generally speaking, 
designed for a run-off of about 5 to 10 M.C.ft. per 
square mile of catchment. Had the rate of denudation 
beenequalto1l 3rdor 1 5thinch per year, (correspond- 
ing to silt deposition of 0.78 and 0.46 M.C.ft. per 
year), the reservoirs would have completely silted up 
in a period of only about 6 to 20 years. 


The fact that most reservoirs in that area have 
out-lived a period of over 60 vears and have not lost 
even 50°, of their contents by silting, is sufficient to 
prove that the rate of denudation is much smaller 
i.e. only a small fraction of what is quoted by the 
advocates of soil conservation. Even admitting that 
some prejudice in support of a proposal (contour 
bunding in this case) was inevitable and inherent in 
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the data published by propagandists, the exaggera- 
tion in quoting the rate of denudation as 1/5th inch 
per year when it is really of the order of 1/50th inch 
is unjustifiable. 


(5-2) On theother hand, Irrigation Engineers pro- 
posing large reservoirs for irrigation appear to hold an 
opinion that there need be no anxiety about reser- 
voirs silting up quickly. They are probably misled 
by the cases of certain reservoirs which have a long 
life. The life of the New Lake Whiting (Bhatghar) 
and of the Lake Arthur Hill (Bhandardara) in Bombay 
will be of the order of 2,000 years ; that of Ramtek 
in M.P. will exceed 500 years. A few other reservoirs 
with a life of more than 500 years can be quoted. 
But to suppose that other reservoirs will have com- 
parably long life will be wrong. Statements ‘‘V.H.”’ 
and ‘‘H’”’ will illustrate. 


What is really required is the truth, free from bias 
of either type. As stated already the most modern 
method of measuring the average quantity of silt 
conveyed by a stream per year will require very 
elaborate and costly arrangements. Besides, the 
collection of these figures will require a period of over 
IO years : and even so the estimates of bed-load of 
silt will be a matter for speculation. In practice, it is 
impossible to keep waiting for such long periods before 
drawing out a project. It is essential therefore to 
devise some fairly simple and dependable (though 
approximate) method, which will give a general idea 
of the risk involved owing to silting of a proposed 
reservoir. 


_— 


[6] Misconceptions regarding utility of scouring slucies 
and about other measures as desilting devices 


(0-1) Many engineers suffer under the impressionthat 
provision of scouring sluices is a successful remedy 
to remove the silt that might otherwise deposit or 
has already deposited in a reservoir. Owing to this 
prejudicial tendency, it is not uncommon to find engi- 
neers wrongly quoting examples of certain non-silting 
reservoirs. 


The Aswan Lake on the Nile is quoted asa typical 
example and the Lake Whiting in Bombay State is 
quoted as another. The latter is discussed first. 


Amongst important cases of reservoirs with long 
life, Miscellaneous Publication No. 521 U.S. Depart- 
ment of Agriculture—‘‘The Control of Reservoir 
Silting’’, quotes the example of the Lake Whiting in 
Bombay (India), as one where silt deposition was 
largely reduced and kept very low by the provision 
of scouring sluices. It can be shown easily, however, 
that the conclusion drawn is incorrect. It is true 
that the old Bhatghar Dam, constructed in the eighties 
of the last century, was provided with 15 under- 
sluices, in the river-bed portion. The fact that the 


Lake is nearly free from silt has, however, nothing to 
do with the said under-sluices. This can be proved 
by comparing cases of other reservoirs provided with 
undersluices. The Chankapur Dam in the (same) 
Bombay State e.g. is provided with scouring-sluices 
of a size and shape and installed in a position (the 
river-bed portion) comparable to that in the old 
Bhatghar Dam but the Chankapur Lake is silting 
up inspite ot these. While the example of Lake Whit- 
ing has attracted the notice of Officers of the U.S. 
Department of Agriculture, they do not appear to 
have noticed the sad tale of the lake formed by the 
Chankapur Dam. The said publication also refers 
to the provision of river-bed sluices in the new Lloyd 
Dam at Bhatghar. It must be stated that absence of 
silt in the Lake Whiting was not achieved by the 
Undersluices in the old Dam nor by the river-bed 
sluices in the new Dam at Bhatghar. The river-bed 
sluices in the new Dam are not, by standing orders, 
even permitted to be opened during periods of floods 
and hence they are as good as non-existing, so far 
as the problem of scouring out of silt is concerned. 
They are opened during the hot weather, i.e. after 
the level of the water is so low that it (the water) 
can not be let down by other and higher outlet gates. 
By that time all silt has settled down. In short the 
so called river-bed sluices do not serve as scouring 
sluices but only as outlet gates. 


(6-2) The real cause of the Lake Whiting being free 
from silt is the small catchment area and the high 
intensity of rainfall on that. The catchment area is 
only 128 square miles while the average rainfall is 
about 140 inches. Judging by the figure quoted in 
C.B.I.P. Publiction of Lake Fife, 100,000 ¢.ft. would 
be a liberal estimate of the amount of silt brought 
down from the said catchment per square mile 
per year and the 128 square miles of the catch- 
ment probably bring down only about 13 M.C. ft. 
of silt annually. Contents of the new Lake Whiting 
are 24,000 M.C. ft. Evenif there were no undersluices, 
the lake will have.a life of (24,000 divided by 13) 
nearly 2,000 years. To attribute the absence of silt 
deposition to the provision of undersluices is thus 
obviously most misleading. Even if the quantity of 
silt brought down annually was assumed tv be 2,00,000 
C.ft., the Life of new Lake Whiting will be 1,000 years 
and the effect of silting will go unnoticed for several 
centuries. 


(6-3) A comparison between the old and the new 
Lake Whiting at Bhatghar and the lake formed by 
the Chankapur Dam will prove useful. Scouring (or 
river-bed) sluices were provided in all cases. The 
following statement gives relevant details of all the 
three dams viz. Chankapur Dam, the old and the 
new Dams at Bhatghar and the lakes formed by 
them. As stated already, though scouring-sluices 
were provided in all the 3 cases, none of them were 
worked (during floods at least) during the past 25 
years. 
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Statement comparing 3 Lakes in the Bombay State 


Old Bhatghar New Bhatghar (or 


1. Name of the Dam Chankapur 


Lloyd) 
2. Name of the Lake Chankapur Whiting Whiting 
3. Year of completion of Dam (in 
round figures) I9IO 18go 1925 
4. Catchment area in Sq. Miles 107 128 128 
5. Average rainfall in catchment 
Inches 51 140 140 
6. Designed contents in M.C. ft 1500 5300 24000 
7. Average run-off from catchment in 
M.C. ft. 5000 34000 34000 
7A. Average run-off from catchment in 
inches 20 II4 II4 
8. Minimum run-off M.C. ft per 
vear (in round figures) 1350 15000 15000 
g. Number of undersluices 7 15 8 
10. Width of ‘5 ~~ | 4 4 4’) Dia 
11. Height of ‘i aS. 1¢ 8 4’5 pipe 


Over 40’ in 
with silt. 


12. Remarks about Silt deposit. 


If undersluices were useful for desilting, the Chan- 
kapur Tank would also have been free from silt on 
lines similar to those of Lake Whiting. Actually the 
long life of Lake Whiting has nothing to do with the 
provision of river-bed sluices. 


(0-4) A popular belief is found to exist in certain 
quarters that silt deposited in reservoirs should and 
could be removed mechanically. The impracticability 
of such a proposition can be easily proved by a few 


figures. 


he rate of excavation of silt plus lead can not be 
lower than Rs. 4 pér 100 ¢c.ft. This is equivalent to 
Rs. 40,000 per M.C. ft. This may be compared to the 
cost of storage per M.C. ft. of reservoirs which ranges 
between Rs. 2000 and Rs. 5000. The cost of a M.C. 
ft. of additional storage by raising an existing dam 
is smaller still. 


Obviously, physical removal of silt and throwing 
it out of the reservoir is an uneconomic proposition 
in the case of most (if not of all) irrigation and 
power schemes. Stirring of reservoir bed so as to 
off the silt with surplussing floods etc. or through 
outlet gates or pumping it out is probably as costly 
or even more costly, and in any case nothing like so 
cheap as constructing a new storage or like raising 
the height of an existing dam. In short, desilting is 
an impracticable proposition in the case of Irrigation 
and Power reservoirs. 


(6-5) Whether tiers of under-sluices on the lines of 
the Aswan will be successful in keeping reservoirs free 
from silt, is a matter of speculation at this stage. 
Not many examples of the type of Aswan could be 
quoted. The Aswan Dam forms, for all practical 


tiver-bed filled up 
The lower irriga- 
tion sluice already affected. 


Little Silt Little Silt 


purposes, a ‘‘Barrage.’’ The secret of success of sluices 
in not allowing silt in large quantities to deposit lies in 
the creation of silt-conveying and other hydraulic 
conditions comparable to those of the normal river 
upstream. Obviously, this is possible with certain 
depths, but not for all. That appears to fit in with 
the opinion expressed that “If for hydro-electric 
development or for irrigation expansion, a steady 
head has to be maintained at the reservoir, the silting 
will be more pronounced and progressive.” 


It is feared by many that large quantities of silt 
will get deposited in the Aswan lake than before as 
soon as hydro-electric and irrigaticn developments 
require the date of beginning of filling of the Aswan 
Lake being set back to avail of increase in capacity. 


(6-6) There is also another important factor viz. the 
tackle for operating the gates. The example of Chan- 
kapur is important from that point of view. The 
under-sluice gates of Chankapur have a story to 
tell; the gates were designed to be raised by ropes 
and winches and were expected to be lowered down 
into their seats by their own weight. 


Owing to rusting, which was probably accentuated 
due to contact with silt, the gates of undersluices at 
Chankapur could not be raised easily and when efforts 
were made to raise them by strong hydraulic jacks 
(the winches and ropes having failed), the raised gate 
could not be closed. The ‘moral’ to be drawn from 
the sad experience is that one must not depend upon 
gates to close down in such cases by their own weight 
and that a positive type of arrangment for closing was 
essential, even presuming that such tiers of under- 
sluices could be used as a device for desilting or for 
reducing silt deposition. 
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It is also worth recording that the suspended silt 
load of the Nile above Aswan per unit area of catch- 
ment is only about 10 or 15%, of that of the Sutlej 
or Mahanadi. There is therefore not much of a com- 
parison between the cases like the proposed reser- 
voirs at Hirakud in India and that of the Nile in 
Egypt to create a faith in the success of the tiers of 
sluices in river-bed. 
bunding as a 


(0-7) Some recommend contour 


measure to minimize silting. 


As contour bunding is effective on moderately 
sloping agricultural lands to trap silt, it is possible 
that the same remedy may help minimising silting 
of reservoirs only in such catchments and that too 
for a few vears cnly. The efficiency of contour bunds 
in steep and in very steep catchments is however 
doubtful. In any case, as contour bunding in steep 
areas will not be useful by way of improvements to 
agricultural fields, such a proposal requires the whole 
cost to be borne by the storage reservoir itself. The 


question of cost will need very careful considera- 
tion. A few calculations show that cost of contour 
bunding per.M.C. Ft of storage in the four categories, 
A,B,C & D referred to in the Table in para (9-5) will 
be 427, 640, 3200 and 12800 rupees per M.C. Ft. cf 
designed storage. As cost of storage per M.C.Ft. varied 
between 2000 and 5000 Rs. per M.C. Ft. It is obvious 
that contour bunding is far too costly in the case of 
categories C & D and hence impracticable, unless the 
cost charged to storage is a very small fraction. The 
cost is not quite so prohibitive in categories A & B; 
but probably the remedy is not needed there, as these 
types have a long life. However, the fact that along 
with reduction in silt, contour bunding is very likely 
to also reduce the run off, needs very careful atten- 
tion. The remedy must not be worse than the disease 
itself. It is feared the contour bunds in the catch- 
ment area may, in fact, cause more harm than good, 
except probably in the few cases where the designed 
storage capacity is a small fraction of the natural 
run off from the catchment. 
(To be continued) 


ApPENDIxX—I 
Reservoirs surveyed by the Soil Conservation Services, U.S.A. 1934-38 





Region, use and name of 


reservoir Location 


Annual Depietion 
of storage 
Per cent 


Life in vears 
(rounded figure, 


Area of 
watershed 
Sq. Miles 


~ 
tN 


SOUTHERN STATES 


Water Supply 
Barcroft Reservoir 
Bay View Reservoir 
Burlington Reservoir 


Alexendria Va 


Burlington N.C. 


Birmingham Ala 








Burnt Mills Reservoir 
Franklinton Reservoir 
Green-bore Reservoir 
High Point Reservoir 
High Point Res. (1938 Survey) 
Lake Concord 

Lake Harris 

Lake Lee 

Lake Purdy 

Lancaster Reservoir 
Lake Michie 
Spartanburg Reservoir 
University Lake 


Power Development 
High Rock Reservoir 
Lay Reservoir 
Lloyd Shoals Reservoir 
New River Reservoir 
Buck Reservoir 
Byllesby Reservoir 
Fields Reservoir 
Washington Mills Reservoir 


Silver Spring, Md. 
Franklinton N.C. 
Grenbore, N.C. 
High Point N.C. 


-do- 


Kannapolis N.C. 
Tascaloosa Ala 


Monroe N. 


c. 


Birmingham Ala 


Lancaster 


S.C. 


Durham N.C. 
Spartnaburg S.C. 
Chapel Hill, N.C. 


Salisbury 


N.C. 


Sylacauga Ala 
Jackson, Gha 


Ivanhoe, Va 


Byllesby, 


Va 


Mouth of Wilson, Va 


Fries, Va 


3 4 5 
14.5 0.20 500 
72.3 SI 120 

105.2 1.10 go 
27.0 5.96 20 
1.13 1.60 60 
74.1 -79 120 
62.8 87 IIo 
62.5 Re 2 140 
4.7 05 160 
30.0 -29 350 
50.5 1.85 60 

41.74 0.10 1000 

9.4 1.60 60 

107.5 36 280 
gI.0 2.09 50 
30.0 I.14 go 

3,930 62 160 
9,087 52 Igo 
1,414 51 195 
1,320 1.84 60 
.98 100 

2.54 40 

7.15 20 

2.47 40 
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Recreation 
Greenbelt Lake 





Greenbelt 


SOUTH CENTRAL STATES 


Water Supply 
Bloomer Lake 
Clinton Reservoir 
Grand Saline Reservoir 
Guthrie Reservoir 
Lake Boonvelle 
Lake Crook 
Lake Gibbons 
Lake Sapulpa 
Lake Spavnaw 


Stillwater, Okla 
Clinton, Okla 
Grand Saline, Tex. 
Guthrie, Okla 
Boonville, Ark 
Paris, Tex. 

-do- 
Sapulpa, Okla 
Spanvinaw, Okla 


Lake Waco (1935 Survey) 
Lake Waco (1936 Survey) 
Rogers Municipal Reservoir 
White Rock Lake 


Waco, Tex. 
-do- 

Roger, Tex. 

Dallas, Tex. 


Wills Point Reservoir 


Power Development 
Lake Ianeycomo 


Recreation 
Ardmore Club Lake 
Lake Bennet 


Irrigation 
Lake Medina 


Wills Point, Tex. 


Branson, Mo 


Ardmore, Okla 
Conway, Ark 


San Antonio Tex. 


APPENDIX 


3 


83 


9.12 
23.0 

2.12 
13.3 
2.6 
51.6 

1.26 


400 
1,662 


1,662 
gg.1 
1.83 


4,010 


4.15 
4.10 


II 


3-19 


1.33 
Pe 
1.03 
-40 
-49 

i 
74 
34 
2.88 
3-34 
I.gI 
.86 
1.29 


2.00 


30 


170 
s0 
30 

100 

250 

200 

660 

130 

300 


30 
30 
50 
I20 


80 


50 


180 


50 


Reservoir drainage basins in U.S.A. in which sedimentation data indicates erosion rates of more than 1 
inch per 40 years. 





Reservoir 





Greenbelt Lake 
Lake Concord 
Ocoee No. I 

Lake Bracken 
West Frankfort 
Pine Lake 

Lake Bennet 
Mission Lake 

Lake Olathe 
Ardmore Club Lake 


Drainage 
River Locailty area 
Sq. Miles 
Unnamed Creek Greenbelt Md I 
Coldwater Creek Kannapolis N.C. 4 
Ocoze River Parksville Ten 600 
Brish Creek Galesburg Ill 9 
Tilly Creek West Frankfort Ill 4 
Pine Creek Eldora Iowa 15 
East Fork Creek Conway, Ark 4 
Mission Creek Horton, Kans II 
Cedar Creek Okathe Kans 6 
Unnamed Creek Ardmore, Okla 4 


Age 


(rounded) 


Years 


2 


~ 


Io 
1g 
I3 
10 

8§ 

Small 

13 

5 
16 


Accumula- 
tion of silt 


Time 
required 


per annum for erosion 


an C. ft. 
per acre of 
drainage 
area 


(C.F t.) 
624 
145 
126 
137 
182 


103 
179 
1360 
125 
172 


of 1” of 


soil from 


drainage 
area 


(Yrs) 
6 
25 
29 
2 
20 


35 
20 
27 
29 
21 
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I 2 3 4 5 6 
Boomer Lake Boomer Creek Stillwater, Okla 10 10 131 28 
Guthrie Cottonwood Creek Guthrie Okla 13 15 1605 22 
Lake Gibbons Pine Creek Paris, Tex. I 30 117 31 
Rogers Municipal Little River Rogers, Tex. I 12 414 9 
White Rock Lake White Rock Creek Dallas, Tex. 112 25 109 33 
Baker Sandstone Creek Baker, Mont. 5 209 I1g 30 
Lake Ghabot San Leandro Creek Oakland Calif 42 48 118 31 
Live Oak Live Oak Creek San Diego Country 
Calif 2 2 381 IO 
Morena Cottonwood Creek San Diego Country 
Calif 109 20 174 21 
Santa Anita Big Santa Anita Less Angeles 
Creek Country Calif II 10 222 16 
Upper Crystal Springs Laguna Creek San Francis Calif 8 8 148 25 





ApPENDIX—III 


Statement showing rate of silting in reservoirs (in different States in U.S.A.) used for water 
supply or recreation. 





State: Abbreviated Life in years (correct 
name Name of Reservoir Primary Use Annual Loss to nearest 10) before 
of complete silting up 
MI) Burnt Mills Water Supply 5.90 20 
ILL Cathoun Recreation 4.37 20 
TEX Waco Water Supply 3-34 30 
PA Palington Water Supply 3.03 30 
KANS ~ Olathe Water Supply 2.11 50 
Sc Spartanburg Water Supply 2.09 50 
MO Grishan Recreation 2.07 50 
TEX Rogers Water Supply 1.91 50 
NEBR Wellfleet Recreation 1.89 50 
S. DAK Hayes Recreation 1.86 50 
NG Lee Water Supply 1.85 50 
CALIF Gibraltar Water Supply 1.83 60 
S.C. Lancaster Water Supply 1.60 60 
N. C. Franklinton Water Supply 1.60 60 
TEX Texas Pacific Water Supply 1.51 70 
OKLA Clinton Water Supply 1.33 70 
TEX Wills Point Water Supply 1.29 70 
KANS Mission Water Supply 1.20 80 
MONT Baker Water Supply 1.15 go 
nm University Water Supply 1.14 go 
N. C. Burlington Water Supply 1.10 go 
OKLA Guthrie Water Supply 1.03 100 
ILL Decatur Water Supply 1.00 100 
KANS Santa Fe Water Supply 0.98 100 
OKLA Claremore Water Supply 0.98 100 
N. C. Lexington Water Supply 0.97 100 
KANS Meade Co State Recreation 0.92 110 
KANS Kirk Recreation 0.91 IIo 
N. C. High Point Water Supply 0.87 IIo 
TEX White Rock Water Supply 0.86 120 
ALA Bayview Water Supply 0.81 120 
ILI, West Frankfert Water Supply 0.81 120 


NC Greensboro Water Supply 0.79 120 | 
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I : 3 4 5 
KANS Ottawa Co State Recreation 0.89 110 
MO Shephard MTN Recreation 0.78 130 
OKLA Sapulpa Water Supply 0.74 130 
TEX Dallas Water Supply 0.72 140 
KANS Moran Water Supply 0.69 140 
S. DAK Hurley Recreaticn 0.67 150 
m. €. Concord Water Supply 0.05 160 
ILL Bracken Water Supply 0.60 170 
OKLA Boomer Water Supply 0.59 170 
OKLA Ardmore Recreaticn 0.55 180 
TEX Crook Water Supply 0.49 200 
TEX Merrit Water Supply 0.48 210 
KANS Eldrado Recreation 0.45 220 
CALIF Morena Water Supply 0.41 250 
MO Mountain Water Supply 0.45 220 
ARK Booneville Water Supply 0.40 250 
TEX Scarborough Water Supply 0.40 250 
nm. <. Salem Water Supply 0.39 250 
NX. Muche Water Supply 0.30 280 
KANS Neosho Co State Recreation 0.35 290 
OKLA Spavinaw Water Supply 0.34 290 
TEX Grand Salie Water Supply 0.31 320 
CALIF Hodges Water Supply 0.29 350 
ALA Harris Water Supply 0.29 350 
VA Barcroft Water Supply 0.20 500 
TEX Santa Ana Water Supply 0.10 620 
TEX Gibbons Water Supply 0.15 620 
ALA Purdy Water Supply 0.10 1000 
CALIF Upper Crystal Spring Water Supply 0.00 1660 
CALIF Upper San Leandro Water Supply 0.05 2000 

SILTING OF RESERVOIRS : Statement V. H. 
Statement of Reservoirs: Information extracted from C.B.U.P. No. 51 
Very High Silt Deposit 
(g Cases) 
S. No. Name of State Annual Catch- Contents °, Geology or Croppting Slope 
CBIP Reservoir Silt per Sq ment Area Run- Nature of 
No. 51 Mile. (C. Ft.) Sq. Miles M.C. Ft. off Rock Soil 
170 Conch Bhanwar U.P. I,30,000 27 30 64 ng. n.g. n.g. 
171 Bara Tal U.P. 1,80,000 2.0 40 3 «3+ ee n.g. n.g. 
183) Kumhari M.P. 1,80,000 E.7 400 73—séOn.g. M. M. 
186 Kusrang! M.P. 1,00,000 5.9 160 54. ~—~ Soft Part Flat 
191 Mukardeh: M.P. I,20,000 3.7 Qo 32 ~=s Soft Part Flat 
198 Jam Mohgaon M.P. 1,15,000 2.5 60 34 ~=—Soft Cropped = Flat 
206 Khor Tora M.P. 1,18,000 1.0 15 34 ~=Soft n.g. M 
208 Sorl: M.P. 1,17,000 0.7 15 39 ~—s Soft Partly M 
Nil Bovyal Hyderabad 1,60,000 163.0 260 ne. ng. n.g. n.g. 
Marchand 
Note : Mincol. 8 denotes Medium in hardness ; Min col.g denotes Cropped Area not too small nor too 


large ; Min col. ro denotes neither flat nor steep. These are rough indications, being brief extracts 
from the original. 


This explanation is also applicable to the three tables following it. 
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Statement H 
Statement of Reservoirs: information extracted from C.B1I.P. No. 51 
High Silt Deposit | 


(15 Cases) 








S. No. Name of State Annual Catch- Contents of Geology or Cropping — Slope 
C.BI.P. Reservoir Silt per ment Area M.C Ft. Run- Nature of 
No. 51 Sq. Mile. (C. Ft.) Sq. Miles off Rock Soil 
elc. 
149 Lake Fife na 
(Khadakwasla) Bombay 61,000 196 3,900 ng. Hilly 1.g. ng. 
150 Visapur Bombay 66,000 159 1,200 ng. Black n.g. 11.2. 
Soil 
151 Ekruk Bombay 64,000 159 3,200 n.g.  BlackSoil n.g. n.g. 
159 Pingli Bombay 69,000 20 200 High Black Soil ng. n.g. 
160 Koregaon Bombay 92,000 7 100 n.g. n.g. 11.g. 1.g. 
176 Sarathi MT. 95,000 37-8 570 460 Disintegral n-.g. Steep 
Crystaline 
178 Bodalkasse M.P. 75,000 23.5 700 39 Dharwar ng. Fairly 
Steep 
179 Bori M.P. 50,000 20.6 350 44 n.g. Jungle Steep 
185 Khaira Datan M.P. 80,000 7.5 So Ig Seft Partly Flat 
193 Baloda ig gO,000 3,0 40 27 Soft n.g. Flat 
197 Kirna M.P. 71,000 2.9 go 68 Soft ng. Steep 
199 Morid M.P. 70,000 2.5 20 14 Soft ng. Steep 
200 Doongar Bari M.P. 70,000 2.4 go 16 Soft Wooded Steep 
205 Barapali M.P. 70,000 1.0 30 60 M Cropped Moderate 
Nil Pocharam Hyderabad 68,000 240 2,200 ng. «11... n.g. n.g. 
Statement L 
Statement of Reservoirs: information extracted from C.BJ. P. No. 51 
Low Silt Deposit 
(25 Cases) 
S. No. Name of State Annual Catch- Contents % Geology or Cropping Slope 
C.BI.P. Reservoir Silt per ment Area M.C.Ft. Run- Nature of 
No. 51 Sq. Mile. Sq. Miles off Rock Soil 
(C.. Fi.) elc. 
148 Mheswad Bombay 40,000 480 2,000 n.g Good Soil n.g. n.g. 
152 Lake Beale Bombay 14,000 156 7,800 31 Rocky & n.g. n.g. 
Hilly 
153 Nehr Bombay 27,000 60 490 n.g. Black Soil ng. n.g. 
154 Mayani Bombay 44,000 52 1gO n.g. Good Soil n.g. n.g. 
155 Mukti Tank Bombay 11,000 34 340 n.g. Hilly n.g. 1g. 
Catchment 
150 Muchkundi Bombay 30,000 26 650 high Black Soil — n.g. n.g. 
157 Pimpalgaon Bombay 17,000 2 200 ng. m1.g. .g. 1.g. 
158 Matoba Bombay 39,000 20 230 ng. Lg. n.g. n.g. 
106 Pahari uP. 12,000 3,000 1,600 3 11.g. Cropped  n.g. 
173 Manvari M.P. 13,000 310 5,200 51 M. Jungle S 
174 Kharang M.P. 17,000 237 6,800 68 M. jungle M 
177 Charkhamare M.P. 22,000 29.0 Soo 84 Dharwar i1.g. Ilat 
ISI Khapri M.P. 10,000 15.4 400 57 M. n.g. M. 
182. Jamunia M.P. 27,000 11.8 320 77 Cryst Wooded Steep 
187 Doritala M.P. 23,000 5.5 So 33 Moder Partly Steep 
ISS Moroda (A) M.P. 29,000 5.2 160 68 Reck n.g. Steep 
18g Wara Tank M.P. 31,000 4.4 TOO 21 Rock n.g. Steep 
190 Dhanras m.P. 18,000 4.0 50 28 Rock n.g. Steep 
192 Borikheda M.P. 17,000 7 40 48 Cryst. n1.g. Steep 
I¢5 Hargahan M.P. 30,000 3.2 110 75 M Partly M. 
190 Amachna M.P. 40,000 3.2 60 51 n.g. n.g. n.g. 
201 Gomdoh M.P. 27,000 By, 50 72 Soft Jungle Flat 
203 Dorli M.P. 40,000 I.4 40 54 Soft ng. Flat 
204 Usri M.P. 260,000 1.4 10 25 Cryst Flat 
209 Sayaji Baroda 31,000 306.2 26000 71 ng. n.g. ng. 


Sarovar 


Continued on page 30 





Machkund Hydro-Electric Project 


By 


B. R. SOMAJULU M.I.M.E., M.I.E. (Ind.), 
Chief Engineer, Electricity. Government of Andhra 


The Machkund power house is situated in the 
Koraput district of Orissa State, 120 miles by road 
from Visakhapatnam via Ananthagiri Ghats, Araku 
valley in Andhra and Padwa in Orissa. It is also 
accessible by road from Bobbili via Salur in Andhra 
and Koraput and Jeypore in Orissa, a distance of 
again 120 miles. 


Project and its Genesis 

The ‘““Duduma Falls’’ with a drop of 550 ft. on the 
Machkund River are harnessed. This river is one of 
the sub-tributaries of the Godavary. In the compo- 
site Madras State prior to the partition of Orissa, sur- 
veys of hydro-electric potentialities were carried 
out in 1929 and a comprehensive report drawn up in 
1931 by Sir Henry Howard. With the formation 
of the Orissa State in 1936, Machkund river became 
the boundary for Madras and Orissa near the project 
site. The Machkund hydro-electric project is a joint 
venture of Orissaand Andhra. Although jointly owned, 
it is being constructed under the direction and super- 
vision of the Andhra Government Electricity Depart- 
ment. 


The ultimate power potential is 1,02,000 k.W. Half 
this capacity viz. 51,000 k.W. is installed in the Ist 
stage. The power benefit and capital cost are shared 
by Andhra and Orissa in the ratio 70 : 30. The 132KV 
transmission lines from the joint power station are, 
however, constructed by the individual states. 


Project Works 
The first stage development comprises : 
(1) Amainstorage dam at Jalaput on the Machkund 
river, with a gross capacity of 25,050 M.Cft. and a net 
capacity of 25,400 M.Cft. 


(2) A diversion dam across the river, 14 miles below 
Jalaput dam and 1} miles above the Duduma falls 
with an effective storage ot 38g M.Cft. 


(3) Water conductor system consists of : 
(a) concrete lined flume channel 4034 ft. long. 
(b) Flume tunnel 4014 ft. long and lined with 
concrete. 


M.I.E.E. 
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(c) Tunnel pond dam with forbay of 0.864 M.Cft. 
(d) Pressure Tunnel 2940 ft. long, lined with 
concrete. 
(e) Surge shaft 50 ft. diameter and 75 ft. deep. 
(f) Three penstock pipes each 1504 ft. with 
haulage track of 2150 ft. long. 


(4) Power house with three units each of 17,000kW 
sapacity with space provision for three more units in 
the second stage. 


Jalaput Dam 


The Jalaput Dam now under construction forms 
the main storage reservoir for the Machkund hydro- 
electric scheme. It is located about 14 miles below 
the confluence of Machkund and its chief tributary 
the Pathala. Work on this dam is expected to be 
completed by the end of 1957. The dam is 1220 ft. 
long, with top width of 18 ft. and a maximum height 
of 148 ft. above the deepest bed level. The volumetric 
content of masonry is about 12.5 million cubic feet. 
The free catchment is 755 sq. miles yielding a conti- 
nuous power draft of 1125 cusecs. Three steel dis- 
charge pipes each 8’-6” diameter are being embedded 
in this dam. These will be also used later to develop 
a maximum power of 20,000 kW. Two scour pipes 
8’-6” diameter are provided near the power pipes to 
keep the intakes clear of silt. 


The Jalaput surplus will be located in the saddle 
on the right flank. The length of the spillway is 550 ft. 
with eight gates of 60’ 20’ to discharge a maximum 
flood of 1,49,000 cusecs. 


The Machkund water are charged with silt mainly 
due to the wasteful method of ‘“‘podu’’ cultivation 
practised by the hill tribes. This problem is being 
effectively tackled by preventive measures, afforesta- 
tion, and adopting silt exclusion devices in the design 
of the dam. 


Diversion Dam 


It is completed except for the erection of the gates 
in the spillway portion. The dam is 925 ft. long and is 
of a gravity type in solid masonry with a central 
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Machkund Hyéo-' 
spillway 560’ long with 8 nos. 60’ x 20’ crest gates approximately 2940 ft. long of ‘horse-shoe’ shape 
designed to pass a maximum flood discharge of | with a sectional area of 185 sq. ft. 
1,85,000 cusecs. Two sluices 12’«8’ each (peak 
discharge 1800 cusecs each) for the intake of the flume Surge Shaft 
and one scour sluice 12’ 8’ are located at the right 
flank. The cubic contents of the masonry is about 2 
million cubic feet. This diversion dam will provide 
a storage of 389 M.Cft. for regulating and balancing 
purposes. 


The pressure tunnel ends in a surge shaft 50 ft. 
internal diameter and 75 ft. deep, excavated in rock 
and lined with concrete. From the surge shaft, two 
steel pipes, each of 10 ft. diameter laid for a distance 
of 140 ft. in a pipe tunnel, terminate into a three-way 
manifold, 66ft. long. From these manifolds, three 


Flume and Tunnels penstocks run down to the power house, and the 

‘The water from the diversion dam is drawn through three pipes of the second man‘fold are closed with 

intake gates and conducted partly along an open con- blank flanges for connection to future penstocks. 

crete lined flume about 4034 ft. long, (including 334’ 
of aqueduct) skirting the hill slopes on the right Penstocks 


bank of the river. Next comes the free flow tunnel Each penstock pipe feeds a generating unit. The 
about 4014 ft. in length with a sectional area of 238 penstock pipe is about 1504’ long, 63” dia. fora length 
sq. ft. capable of handling 1800 cusecs peak discharge. of 770 ft, and 57” dia. for a rest of the length. The 
Water from this flume tunnel discharges into the — shell thickness of pipe varies from 0.44” to 1.56”. 
Makkiput valley where a regulating pond is formed 

by the “Tunnel Pond Dam”, about 442 ft. long and At the head of the penstock and below the manifold, 
6o ft. high above the bed, with an effective capacity 4 putter fly valve 63” diameter is provided. A high 
about one M.Cft. at full reservoir level. pressure valve 67°) 48” is also provided at the end of 

the penstock near the power house. 

From the tunnel pond, water is conveyed through 


intake controls into a concrete lined pressure tunnel, By the side of the penstocks, a haulage track 
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runs down to the power house for the transport of men 
and materials. 


Power Station 

The power house is a steel framed building with 
course rubble masonry walls in superstructure. The 
substructure provides for two floors, the turbine hall 
and the generator floor. A switchgear annexe with a 
cable trench underneath, adjoins the machine hall on 
the upstream side. The main building of the power 
house including the switchgear annexe is 295’ x 60-9” 
to house six generating units with all their auxiliaries 
and a house service unit. 


The sub-structure of the machine hall portion is of 
reinforced cement concrete walls, 6 ft. thick taken 
down to the foundations 46 ft. below the main floor 
level of the power house to suit the vertical type of the 
generating units. The generators are supported on 
independent r.c.c. slabs with beams on massive f.c.c. 
columns. 


A 100-ton electrically operated overhead crane 
runs the full length of the machine hall to facilitate 
erection of the heavy machinery in the power house. 
The ground floor of the switchgear annex? accommo- 
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dates all the 11 K.V. metal-clad switchgear and fire 
fighting and other associated equipment. From the 
main cable tunnel of the power house running the full 
length, connections are taken to 11 k.V. switchgear 
cubicles and to the outdoor yard. The main control 
panels, office and battery room are located on the 
first floor of the switchgear annexe. ‘The cooling water 
and “‘Mulsifyre’’ pumps are located in a small exten- 
sion at the eastern end of the power house below the 
ground floor level. The supply to the cooling water 
and ‘‘Mulsifyre’’ systems is taken from the tail race 
pool. 
Generating sets 

Each 17,000 k.W. generating unit is directly 
coupled to a 25,000 H.P. Francis vertical reaction 
type turbine. The voltage generated is stepped up 
from II K.V. to 132 K.V. through banks of single 
phase 6670 KVA transformers located in the outdoor 
yard and connected to the generators on the unit 
system. The machines are paralleled on the high vol- 
tage side. 


A 500 KVA. capacity auxiliary generating set is 
installed for emergency use. 


Transmission system (Andhra side) 
The power generated at Machkund Power House 
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Machkund Outdoor Switch and Transformer Yard. 
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Number I Generating Unit ready for Service. 


is transmitted by a double circuit 132 KV transmission 
line as far as Nellore District about 450 miles from 
Machkund. The total mileage of 132 KV double 
circuit line is about 570 circuit miles and that of single 
circuit line about 200 miles. All 132 KV lines are 


on fabricated steel towers. 


The transmission lines are routed so as to'link up 
with the existing thermal stations at Visakhapatnam, 
Vijayawada and Nellore. The thermal stations are 
required to supplement the Machkund power till 
adequate water storage is made available by complet- 
ing the Jalaput Dam. The thermal stations will 
remain as “‘standby”’ thereafter. 


The salient particulars of the trunk lines fed by the Machkund hydro station are given below : 


Machkund Hydro-Electric Scheme 


DETAILS OF TRANSMISSION LINES 


Transmission Line Voltage 


Length Power Conductor size Copper Equi- 
valent im sy. 
inch 





Machkund-Tennubodduvara-V isakhapat 


nam 132KV 
Double Cir- 
cuit 
Visakhapatnam-Rajahmundry 
-Bhimadole-Vijayawada do 
Vijavawada-Ongole 132KV 
Single 
Circuit 
Tennubodduvara-Nellimarla do 
Machkund-Jeypore-Rayaghada 
(Orrissa feeder) do 
Ongole-Nellore line b0KV 


Single Cir- 
cuit line 


oo miles /o.118 ACSR 0.20 


‘ 
Ww 
“NI 


195 miles 0.110 ACSR 0.175 


ww 
NI 


81 miles 6/0.186 plus 

7/0.002, ACSR 0.10 
23 miles 37/0.102 ACSR 0.15 
92 miles 37/0.110 ACSR 0.175 


75 miles 7/.144 A.C.S.R. 0.00 
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Grid substations 
The power transmitted at 132 KV from Machkund 
will be stepped down to 33 and 11 KV for secondary 
transmission and distribution purposes at the follow- 
ing substations : 


Sub-Station : Installed transformrr 
capacity 
Nellimarla 12,000 K.V.A. 
Simhachalam (near Visakhapatnam) 27,000 K.V.A. 
Bommur (near Rajahmundry) 260,500 K.V.A. 
Bhimadole 8,000 K.V.A. 
Gunadala (near Vijayawada) 22,500 K.V.A. 
Tadepalli 37,500 K.V.A. 
Ongole 11,500 K.\V.A. 
Nellore 6,000 K.V.A. 


The thermal station at Vishakapatnam ts connected 
to the hydro electric system by double circuit 33 KV 
line from Simhachalam and that at Vijayawada by 
another 33 KV line from Gunadala hydro substation. 


The following important places in the districts in 
Andhra State will be receiving power. 


Srikakulam district Srikakulam 
Garbham 
Bobbili 
Parvathipuram 
Narasannapeta 
Tekkali 
Visakhapatnam district Visakhapatnam 
Simhachalam 
Chittivalasa 
Bhimilipatnam 
Vijayanagaram 
Nellimarla 
Penubarthi 
Kasimkota 
East Godavari district Kakinada 
Rajahmundry 
Peddapuram 
Pithapuram 
Tun! 
Ramachandrapuram 
Amalapuram 


West Godavari district Eluru 
Bhimadole 
Nidadavole 
Palacole 
Narasapur 
Bhimavaram 
Krishna district Masulipatam 
Vijayaw .da 
Jaggayyapeta 
Vuyyuru 
Gudivada 
Nuzvid 
Guntur district Guntur 
Tenali 
Narasaraopet 
Bepatla 
Chirala 
Ongole 
Tadepalle 
Nellore district Nellore 
Gudur 
Nayudupet 
Sulurpet 
Venkatagiri 
On the Orissa side, the districts of Koraput and 
Ganjam will get benefitted by Machkund Power. 
Power lines are being extended by Orissa State to 
Jeypore and Rayagada and later on to Berhampore 
thus covering the southern portion of the state. 


Communications 
In this modern era of industrial development 
reliable and uninterrupted supply of power is essential 
to avoid loss of production and dislocation of labour. 
To facilitate, efficient system control and operation, 
carrier current communication has been installed. This 
is a unique feature introduced in South India for the 
first time. This system uses the power line conductors 
themselves for transmission of speech signals at high 
frequency without interfering with power transmission 

and has been working satisfactorily. 


Condenser Station 
At Bommur sub-station near Rajahmundry, there 
are 2 nos. 7500 KVA synchronous condensers for 
improving voltage regulation beyond Rajahmundry 
and also ensuring system stability. 


Plant Manufacturers 
Supplies of Plant and Machinery for the Machkund Scheme have been made by many well known foreign 


and Indian manufacturers, enumerated below: 


I. Divers‘on dam gates and screens 
2. Tunnel pond gates & screens 
3. Winch and haulage track 


Haulage track materials 
5. Penstocks. 


+ 


~_ 


». Butterfly valves 
7. Turbine inlet valves 


Ms. Ramsome & Rapiers, England. (Director-General, 
India Stcre Dept., London). 

M's. Dortmunder Union, Germany (M/s. Kamani 
Engineering Corporation Ltd., Bombay). 

Ms. Wild & Co., England. (Director-General, India 
Store Dept., London). 

M's. Robert Hudson & Co., England. 

M/s. Ferrums, Poland (Director-General, India Store 
Dept., London). 

M/s. Boving & Co., England. 

M/s. English Electric Co., England. (M/s. Binny & Co., 
Madras). 
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10 MVA 132/66 kV 3 phase 
Transformer at Bareilly 


ASEA ‘HAVE TO THEIR CREDIT THE MANUFACTURE IN 189! 
OF THE FIRST THREEPHASE TRANSFORMER IN THE WORLD, 


AND HAVE SINCE ON MANY OCCASIONS CREATED WORLD 
RECORDS AS REGARDS TRANSFORMER OUTPUT, SERVICE VOLT- 


AGE AND SIZE. NEW RECORD FIGURES WERE REACHED IN 
1954 WITH A_ 100000 kVA_ 13.5/400 kV THREEPHASE TRANS- 
FORMER WEIGHING 490480 LBS. AND MEASURING OVER 
31 FEET IN’ HEIGHT. 


ASEA 
ELECTRIC INDIA, LIMITED 


BOMBAY CALCUTTA MADRAS 
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RIHAND PROJECT... 
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Power for the Industries of India 


Rihand Dam and Power Plant, India’s newest 
multi-purpose waterpower project, is soon to 
become a reality. It will provide long needed 
flood control by impounding 8,400,000 acre- 
feet of water from a drainage area of 5,000 
square miles. Designed to generate an aver- 
age of 988 million kilowatt-hours of electrical 
energy annually, it will introduce a new and 
necessary power source for agriculture and 
industry. 


Your inquiry is cordially invited. 





Completely designed by 
International Engineering for 
the Government of the United 
Provinces, Rihand is one 

more example of multi-pur- 
pose project engineering by 
IECO ... serving the needs 
of government and private 
enterprise worldwide. 





NTERNATIONAL ENGINEERING COMPANY, INC. 


A SUBSIDIARY OF MORRISON-KNUDSEN COMPANY, INC. 
74 NEW MONTGOMERY STREET * SAN FRANCISCO, CALIFORNIA, U.S.A. 


REPRESENTATIVES: NEW ZEALAND: P. O. Box 1184, Wellington 


ENGLAND: 19 Berkeley Street, London W.1. 


TURKEY: Morrison-Garanti, Box 281, Adana 


CANADA: 933 West Pender Street, Vancouver, 8.C. PAKISTAN: P. O. Box 4851, Korachi 











8. Turbines 

g. Surge shaft intake gates. 

10. Butterfly valves and hollow jet valves for Jala- 

put Dam. 

11. Gates, screens and hoists for Jalaput dam. 

12. Pipes for Jalaput dam. 

13. Spillway gates and hoists for diversion dam & 

& Jalaput dam 

14. Tunnels 

15. Power House, Diversion dam, flume channel, 
channel, Talaput dam and Godavari river 
crossing piers. 

16. Tunnel pond dam, excavation of power house & 
transformer yard, tail race, pensteck grading 
and Jalaput dam 

17. Krishna River crossing piers. 

18. Generators and indoor switchgear. 

19. Power Transfcrmers 

20. Outdoor yard and switchgear 

21. Powerhouse Crane 

22. Power house steel work. 

23. ‘Transmission lines. 

24. Substations. 


Capital cost of the scheme 
The details of the capital cost for the joint scheme 
and the entire scheme on the Andhra side are furnished 
below in a tabular statement. The Andhra share of 
capital cost works out to about Rs. 15 crores initially 
rising to about Rs. 19} crores at the end of ten years. 


Capital cost for the joint scheme and entire Andhra 

scheme 
Capital cost At the end 
initial of 10 years 


=. Particulars 


No. 


Amount in lakhs of 


rupees 
I. Joint Scheme 
Joint scheme (Civil Works 
and power staton). 926.05 1356.93 
Andhra share of capital on 
joint scheme (70%). 648.23 949.85 
Orissa share of capital on 
joint scheme (30%) 277.82 407.08 
II. Andhra Transmission Scheme : 
Transmission lines 587.08 601.83 
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M's. S. Morgan Smith & Co., U.S... (M/s. Crompton 

Engineering Co., Ltd., Madras). 

M's. Dortmunder Union, Germany. (M/s. Kamani Engi- 
neering Corporation Ltd., Bombay). 

M,s. Neyrpic, France. (M/s. Batliboi & Co., Madras). 

M/s. Dortmunder, Union, Germany. (M/s. Kamani 
Engineering Corporation Ltd., Bombay). 

M/s. Garlic & Co., Bombay. 

Tungabhadra Dam Worksshops, Hospet. 


M/s. John Mowlem & Co., England. 
M;s. Gannon Dunkerly & Co., & Ltd., Madras. 


M/s. G. S. Dugal & Co., Pooma. 


M/s. Pioneer Construction Co., Vijayawada. 

M/s. Westinghouse International Trading Co., U.S.A, 

(M/s. Crompton Engineering Co., Ltd., Madras). 

M/s. Ferranti, England (M/s. British Insulated Callen- 
ders Cables Ltd., Madras). 

M/s. B.T.H. England (M/s. Associated Electrical Indus- 
tries (India) Ltd., Calcutta). 

M's. Demag, Germany (M/s. Kamani Engineering Cor- 
poration Ltd., Bombay). 

M/s. Chitram & Co., Madras. 

M/s. British Insulated Callenders Cables Ltd., Madras. 

M/s. S.A.E., Italy and M/s. Crompton Engineering 
Cc., Ltd., Madras. 

M/s. Crempton Engineering Co., Ltd., Madras. 

M/s. Reyrolle Agency, Calcutta. 


M/s. Associated Electrical Industries (India) L(d., 
Calcutta. 
M/s. Easun Engineering Cc., Ltd., Madras, and 
M/s. English Electric Co., Ltd., Madras. 
Substations and 132 KV 
feeder control equipment at 
Machkund 272.40 293.96 
Thermal station bea 100.06 
Total for Andhra Trans- 
mission scheme 859.48 995.85 
III. Overall Andhra share of 
Capital cost: 
1507.71 1945.70 





Load Prospects 


It is gratifying to note that large blocks of power 
demands such as Caltex refinery at Visakhapatnam, 
Ferro-manganese industry at Garividi, Fertiliser fact- 
tory sponsored by Government of India at Vijayawada 
and Cement factories at Vijayawada and Macheral 
are expected to come up soon and accelerate the bad 
development much faster than envisaged in the 
scheme load forecast. 
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Duduma Falls. 


New record of Construction 

The project site being 120 miles away from railhead 
accessible only through a road _ passing through 
difficult ghat section constitutes a unique transport 
problem: Scarcity of labour in this remote backward 
area, involving large scale import of labour, severe 
weather conditions limiting the working period to 
about g months in the year, incidence of malaria 
and other difficulties had to be overcome. 


The target date of September 1956 for the commi- 
ssioning of the first generating unit envisaged in the 
composite state of Madras, had to be advanced and 
construction schedules accelerated after the formation 
of the Andhra State due to lack of hydro power in 
the new born State. By working round the clock, new 


records were achieved. From foundations of the 
power house to completion of the first unit in 18 
months is a gratifying progress. The first generating 
unit will by switched on by the President of India 
on August 19, 1955. 


Conclusion 
To the people of Andhra, Machkund signifies a big 
step forward heralding a new tempo of development 
of industries, agriculture, cottage and rural industries. 


The first Five Year Plan for power projects for 
Andhra, culminating in the commissioning of the 
first stage of the Machkund hydro-electric scheme, 
is bound to quicken the pace of development in this 
new born state. 
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Basis for Betterment Levy 


C.S. PARTHASARATHY 


Asst. Chief (Natural Resources), Planning Commission 


Most of the States in India have accepted the 
principle of the Goverment recovering, from the bene- 
ficiaries, a portion of the ‘unearned’ benefits that 
accrue to land, as a result of the completion of irriga- 
tion projects, through a capital tax styled ‘‘Betterment 
Levy’. The principle has been recognised and affirmed 
by the National Deveolpment Council of which the 
Prime Minister of India is the Chairman and the State 
Chief Ministers, Members. On the basis of the pro- 
gress so far made in respect of implementation of this 
principle, the various states may be categorised, 
broadly, as follows: 


I. States who have passed the necessary Acts : 
1. Assam, 
Bombay, 


tN 


3. Punjab, 

4. Hyderabad, 
5. Mysore, 

6. PEPSU.., 

7. Rajasthan, 


8. Madras. 


IT. States who have introduced Bills in their Legislatures: 
g. Andhra, 
10. Madhya Bharat, 
Ir. Orissa. 


IIT. States who have prepared the Bill and are taking 


action towards enactment: 
12. Bihar, 
13. West Bengal, 
14. Saurashtra, 
15. Travancore-Cochin, 
16. Himachal Pradesh. 


IV. Staies where the Bill is under preparation : 
17. Madhya Pradesh. 


V. States with whom the matter is under consideration: 


15. Jammu & Kashmir, 
19. Coorg, 

20. Delhi, 

21. Kutch, 

22. Vindhya Pradesh. 
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VI. States where the question does not arise owing to 
absence of major river-valley schemes or absence of 
a suitable case for levy: 
23. Ajmer, 
24. Bhopal, 
25. Manipur, 
26. Tripura. 


State which has not accepted the principle so far: 
27. Uttar Pradesh. 


VII. 


It may be added that Bombay and Punjab have pro- 
vided in their 1955-56 Budgets for some revenues 
through betterment levy. The subject has been dealt 
with in 
(?) paragraphs 57 to 67 of Chapter X XVI—Irri- 
gation and Power — of the “First Five Year 
Plan’, and 
(i?) paragraphs 25—-33 of Chapter VII of Volume 
III of the ‘Taxation Enquiry Commission, 
(1953-54) Report”. 


It will be seen from the preceding paragraph that 
Legislation has been passed in eight States and Bills 
have been prepared in eight other States including 
Himachal Pradesh (a Part ‘C’ State). The basis for 
evaluating the quantum of betterment levy proposed 
to be recovered from the beneficiaries by the Govern- 
ment, is a vital point and differs in different States, as 
will be evident from a perusal of Annexure I which 
portrays relevant extracts from the Acts and Bills of 
sixteen States mentioned in categories I,II and III 
of the preceding paragraph. The essence of Annexure 
I is compressed as Annexure II. A critical analysis of 
this brings out the fact that the quantum or amount 
of betterment levy has, generally speaking, been based 
on one or more of the following criteria: 


(?) Increase in the market value of land benefited 
between the date of commencement and the 
date of completion of the project ; 

(17) Difference between the market value cf wet or 
irrigated and unirrigated or dry lands in the 
project-affected area or its vicinity after the 
completion of the project : 
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(ct) Increase in the value of land equated to a 
multiple of the increase in the value of agri- 
cultural produce over a period of one year; 


(tv) Increase in the yield of the principal crops; and 


(v) Recovery of a portion of the capital cost of a 
project. 


Other factors viz., quality of soil expenditure invol- 
ved in converting dry into wet land, type of irrigation 
etc., have generally beenkept in view, and the propos- 
ed recovery is a certain fraction of the extra unearned 
benefits in different States. The basis for criteria (i) 
and (ii) above is the calculation of the market value. 
In respect of criterion (i), the comparision is between 
the market value of land benefited between the date 
of commencement and the date of completion of a 
project and, in the second, between the market value 
ot irrigated and unirrigated land in the project area 
or inits vicinity just before levy commences. Similarly 
the third and the fourth essentially hinge on difference 
in yield between land which is irrigated and land which 
is unirrigated and are, therefore, easy and intelligible. 
The hidden fact is that the second, third and fourth 
principles represent but different aspects of the same 


Annexure I 
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phonomenon, namely, the resultant increase in pro- 
ductivity of land arising from, or due to, irrigation 
facilities afforded by a project. 


The basis of increase in value of land between a 
date connected with the date of commencement of 
construction and a date depending on the date of com- 
pletion of the project, has the disadvantage that the 
ratios between the two rates obtaining on the two 
distant dates may be considerably affected by changes 
in rates of agricultural produce and consequent money 
values in the intervening period. Reforms in propri- 
etory and tenancy laws may also affect the market 
values of the land, and the difference between these 
values over a period of years may not have a correct 
relationship between the benefits derived by such 
lands. It appears that a levy based on the difference 
in value or agricultural produce between two different 
dates will also suffer from the same lacuna. 


My grateful thanks are due to Shri Yadav 
Mohan, I.S.E. Chief (Natural Resources), Planning 
Commission, for his valuable advice and suggestions. 
The permission to publish this paper in this Journal 
is also thankfully acknowledged. 


Basis for Betterment Levy 


(Extracts from State Acts and Bills) 


Basis 


ui 


Acts 


No State Name of Act/ Bill Clause 
o No. 
I 2 3 4 
1. Assam The Assam Embank- II 
ment and Drainage 
Act, 1953. 
2. Bombay The Bombay Irriga- 
tion Act, 1879 as 52 


amended 


Levy of rates, cess and premium 

11. For all works carried out under section g the 
State Government may, unless they decide otherwise in 
specific cases, levy on settled land ai annual water rate 
or betterment cess and on unsettled Government waste 
land improved by the works, a premium payable on 
settlement of such land, and an annual water rate or 
betterment cess, so as to realise the initial cost of the 
Scheme in full or in part and that of its maintenance in 
the manner as Government may prescribe. The total 
annual water rate, betterment cess or premiumm to be 
levied under a scheme shall be fixed as nearly as possible 
so as not to exceed the following limits: 

(i) Six per cent per annum on the first cost of the said 
works adding thereto the estimated yearly cost of main- 
tenance and supervision of the same. 

(ii) Such rate may be varied from time to time within 
such maximum by the State Government. 

Increase in value and betterment Charge : 

52. The increase in value on account of the.comple- 
tion of a new canal or the improvement or extentsion 
of an existing canal shall be the amount by which 
the value of the land on the completion date is likely 
to exceed the value of the land on the construction date 
and the betterment charges shall be one-half of such 
increase in value. 








J 


N 


Punjab 


Pepsu 


Rajasthan 
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Punjab Betterment 
Charges and Acreage 
Rates Act, 1952 


The Pepsu Betterment 
Charges and Acreage 
Rates Act, 1953. 
The Rajasthan lands 
Special Irrigation 
Charges Bill, (8), 1953 
(1952) (9) 


5(1) 
&(2) 


uw 





Explanation—_For the purposes of this section the 
Statement shall, by notification in the Official Gazette, 
specify 

(a) the date of the commencement of construction 
of any work in connection withthe construction or im- 
provement or extension of canal, as the construction 
date ; 


(h) the date of completion of the construction, im- 
provement or extension of a canal as the completion 
date. 


5. Amount of betterment charges : 

(1) The amount of the betterment charges leviable 
in respect of any lands included in an irrigation scheme 
shall not exceed one-half of the lands with reference to 
such date prior to the commencement’ of any work in 
connection with the irrigation scheme as the Government 
may, by notification in the Official Gazette, fix in this 
behalf and their estimated value with reference to such 
other date after such commencement as the Government 
may similarly fix, and such valuations shall be made in 
the prescribed manner. 

(2) Where in an irrigation scheme only lift irrigation 
arrangements are maintained and operated by the land- 
owners or occupancy tenants the betterment charges 
leviable shall not exceed one-half of the charges which 
would otherwise have been payable for gravity flow 
irrigation : 

Provided that whenever such lift irrigation arrange- 
ments are converted into gravity flow irrigation, the 
landowners or occupancy tenants as the case may be, 
shall be liable to pay the full betterment charges in 
respect of the lands. 


(The same wording asin Punjab Act (above) 


5(7) The amount of the betterment fees leviable in 
respect of any lands included in an irrigation scheme 
shall not exceed one-half of the difference between the 
value of the lands with reference to such date prior 
to the commencement of any work in connection with 
the irrigation scheme as the Government may by noti- 
fication in the Rajasthan Gazette, fix in this behalf 
and their situated value with reference to such other 
date after such commencement as the Government 
similarly fix, and such valuations shall be made in the 
prescribed manner. 


(8) Where in an irrigation scheme only lift irrigation 
arrangements are maintained and operated by the land- 
holders or occupancy tenants, the betterment fees levia- 
ble shall not exceed one-half of the fees which would 
otherwise have been payable for gravity flow irrigation. 


(9) Whenever such lift irrigation arrangements are 
converted into gravity flew irrigation, the land-holders 
or occupancy tenants, as the case may be, shall be liable 
to pay the full betterment fees in respect of the lands. 








NS 


N 
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6. Mysore (Mysore Irrigation 29(1) The scheme as finally approved by the Government 
(Amendment Act,1952 shall be published in the Official Gazette, and it shall em- 
1952)—-Clause 29(1) body the following particulars: — 

Clause 4(4). 
2 (a) 2 (a) a description of the benefitted area ; 
(b) (b) the rates at which contribution will be 
&(c) recovered in the lands in the benefitted area 
and terms of such recovery. 
and (c) the rates at which water rates will be imposed 
on the lands in the benefitted area. 


I (2) 1(2) The contribution referred to in clause (b) of sub- 
section (I) shall not in the case of restoration or improve- 
ment of any minor tank exceed two hundred rupees 
per acre in respect of the lands in the benefited area. 


Amend- Where the betterment tax referred to in clause (b) 
ment of sub-section (1) exceeds five hundred rupees per acre 
clause or the water rate referred to in clause (c) of sub-section 
4(4) (1) or the water rate as revised under sub-section (3), ex- 
ceeds twenty rupees per acre per annum the scheme 
or order as published in the Official Gazette under sub- 
section(3) shall be laid before the Mysore legislative 
assembly as soon as may be after it ts published in the 
official gazette, and the rate of betterment tax or water 
rate specified in such schemes or order shall be subject 
to such modifications as the said Legislative Assembly 
may make on a motion made within seven days from 
date on which the scheme or order, as the case may be, 

is so laid. 


7. Hyderabad The Hyderabad Irri- 5&6 5. For the purpose of assessing the contribution, 
* gation Act, 1952. the Committee shall take into consideration the follow- 
ing factors : 
(i) The market rate of dry land in the area or its 
vicinity ; 
(ii) The market rate of wet land in the area or its 
vicinity ; 
(iii) Nature of the soil, productivity and fitness for 
irrigation ; 
(iv) The wet crops that can be grown economically ; 
(v) Its preximity to market, village, road, ete. 
(vi} The probable expenditure to be incurred in 
converting the dry land into wet: 
(vii) The classification of land, whether perennial 
garden or light irrigated in accordance with the cropping 
scheme sanctioned by the Government for the particular 
irrigation work. 





6. The contribution determined for any land shall 
in no case exceed one-half of the net increase in capital 
value of the land in the case of new lands served by the 
irrigation work and one-fourth in the case of cld wet 
lands. 


8. Madras Madras Irrigation Amount of betterment contributions : 
(Levy of Betterment 4 (1) The lands benefited by the construction, 
Contribution) Act, expansion or alteration of any work shall be divided in- 
1955 to suitable classes by the Government and the annual 
increase in the gross produce of each class of lands shall 
be estimated : 
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Andhra The Andhra Irriga- 
tion (Levy of Better- 
ment contribution) 


Bill, 1954. 


Q. 
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Provided that all lands which are of the same terrain 
and which, judged by their commandability, are so 
situated as to derive the same amount of benefit from 
the work shall be placed in the same class : 


Provided further that the estimate shall be made 
with reference to the average of the prices prevailing, 
in the case of a work whose constructon, expansion or 
alteration was completed before the commencement of 
this Act, during the three years immediately preceding 
commencement and, in the case of a work whose con- 
struction, expansion or alteration was completed after 
the commencement of this Act, during the three years 
immediately preceding such completion : 


Provided also that the average aforesaid shall not 
exceed three times the price which prevailed in August 
1939- 


(2) Ten times the annual increase in the gross 
produce estimated under sub-section (1) shall be deemed 
to be the increase in the capital value of each class of 
lands ; and the contribution payable in respect cf such 
class of lands shall be one-half of the difference bet- 
ween the said increase in the capital value and the cost 
(estimated in the prescribed manner) of making the 
lands fit for advantageous irrigation under the work : 


Provided that in the case of lands which were ori- 
ginally under dry cultivation and which, with a view 
to derive benefit from the werk, were brought under 
wet cultivaticn, a sum representing the difference bet- 
ween the cost of wet cultivation and the cost of dry culti- 
vation as determined in the prescribed manner shall be 
deducted from the increase in gross produce for the pur- 
pose of calculating the increase in capital value of those 
lands. 


Bii2s 


4 Amount of betterment contribution:— 

(1) The lands benefited or capable of being bene- 
fited, by the construction, expansion or alteration of any 
work shall be divided into several classes by the Govern- 
ment according to the nature and quality of soils, physi- 
cal configuration and the extent of reclamation required 
to bring the lands to advantageous cultivation under the 
work after its construction, expansion or alteration 
and the amount of the net additional annual income 
derived, by the owners of the lands as a result of the 
work should be calculated in the prescribed manner 
for each class of lands with reference to the prices pre- 
vailing on the date of the completion of the work, which 
shall be notified in the Andhra Gazette. 


(2) Twenty-five times the net additional income 
aforesaid minus the expenses incurred or likely to be 
incurred by the owners for making the lands fit for 
alvantageous cultivation und2r the work after its cons- 
truction, expansion or alteration, shall be deemed to be 
the increase in the capital value of each class of land; 
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and the betterment contribution leviable in respect 
thereof shall be fixed so as not to exceed one-half of 
such increase. 





‘. 4. Amount of betterment contribution : 

Cochin in Irrigation (Levy of (1) The lands benefited by the construction, expan- 
Betterment Contribu- (3) sion or alteration of any major irrigation work or lift 
tion and Water Cess) irrigation work shall be divided into suitable classes 
Bill, 1955. by the Government and the annual increase in the gross | 

produce of each class of lands consequent on the 

provisons of irrigation facilities shall be estimated : 


10. ‘Travancore- The Travancore Coch- 4/( 
(2 


D x 


Provided that all lands which are of the same terrain 
and which, judged by their commandability, are so 
situated as to derive the same amount of benefit from 
the work shall be placed in the same class. 


(2) The annual increase in the gross produce shall be 
estimated with reference to the average of the prices 
prevailing during the fifteen years immediately prece- 
ding the date of making such estimate. 


(3) Twenty times the annual increase in the gross 
produce estimated under sub-section (1) shall be deem- 
ed to be the increase in the capital value of each class 
of lands ; and one-fourth of the sum by which the said 
increase in the capital value exceeds the cost (estimated 
in the prescribed manner) of making the lands fit for ad- 
vantageous irrigation under the major irrigation work 
or lift irrigation work shall be the contribution payable 
in respect of such class of lands. 
Ir. Orissa The Orissa Better- (3) 3- Thereshallbe levied on every land under irrigable 
ment Charges Bill, Command betterment charge in accordance with the \ 
1954 rates specified in Schedule A (below). 


SCHEDULE A 
(See Section 3) 


Betterment Charges to be levied on Lands under Irrigable 
Command 


(a) Sambalpur Zone —— Betterment charges shall be 
levied on the following scale : 
Betterment 
Item Classification of land per acre Charges 
Rs. 
(i) Bahal lands 60 
(ii) Barchha lands 7 
(iii) Berna land 7 
(iv) Bari land 7 


ror un 


~ + 


(v) Mal land 10 
(vi) “At” land 60 
The classification of land will be its classification ona j 
date notified by the State Government prior to the 
provision of irrigation under the scheme under the 
principles enunciated in the Settlement record for the 
lands in question. | 


12. West Bengal The West Bengal (11) Estimate of increase in the capital value of land. 
Development (Levies) II. (rt) From time to time an officer appointted by 











and Miscellaneous 
Provisions) Bill, 1954. 


13. Saurashtra Draft Bill (1954) to 6-D 
amend the Saurashtra 
Irrigation Act of 1951 

14. Madhya Bharat The Madhya Bharat = 5(r) 
Betterment Charges &(2) 


and Acreage Rates 
Bill, 1954 
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the State Government shall, after hearing any objections 
in the manner prescribed by rules, prepare, in respect of 
land throughout a notified area, an estimate of the 
capital value of such land which, in his opinion, has 
resulted or is likely to result from the execution of any 
development scheme: 


Provided that in respect of any agricultural land such 
increase shall be the amount by which the value of the 
land on the date of completion of the development scheme 
is likely to exceed the value of the land on the date of the 
commencement of execution of the development 
scheme : 


Provided further, that such agricultural land shall 
be the amount by which the value of the land on the com- 
pletion cf the execution of the development scheme, 
estimated as if the land were clear of buildings, exceeds 
the value of the land prior to the execution of the scheme 
estimated in like manner. 


Explanation :—¥or the purposes of this sub-section 
the State Government shall, after considering the cir- 
cumstances, by notification, specify (a) the date of 
commencement of the execution of any development 
scheme, and (b) the date of completion of the execution 
of any development scheme. 


(1) The betterment charges shall be leviable at a 
rate not less than Rs. 100/- per acre and not more than 
Rs. 150/- per acre for land under irrigation of a canal. 
The exact levy of betterment charges per acre...... 

.... Shall take into consideration the increase in 
value of such land by the completion of the construc- 
of anew canal or the improvement or the extension of an 
existing canal, the irrigation facilities available and the 
nature of the land. 


5. (1) Theamount of the betterment charges leviable 
in respect of any lands included in an irrigation scheme 
shall not exceed one-half of the difference between the 
value of the lands with reference to such date prior to the 
commencement of any work inconnection with irrigation 
scheme as the Government may, by notification in the 
Gazette, fix in this behalf and their estimated value with 
reference to such other date after such commencement 
as the Government may similarly fix, and such valua- 
tions shall be made in the prescribed manner. 


(2) Where in an irrigation scheme only lift irrigation 
arrangements are maintained and operated by the land 
holder, the betterment charges leviable shall not exceed 
one-half of the charges which would otherwise have been 
payable for gravity flow irrigation : 


Provided that whenever such lift irrigation arrange- 
ments are converted into gravity flow irrigation, the 
land holder shall be liable to pay the full betterment 
charges in respect of the lands. 
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15. Bihar The Bihar River- (23) 
Valley (Multi-purpos- 
es Projects) Bill,1954. 
16. Himachal The Himachal Pradesh  9(1) 


Pradesh Minor Canals Bill 
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23. The increase in value on account of the 
completion of a new canal or the improvement or exten- 
sion of an existing canal shail be the amount which the 
value of the land on the completion date is likely to 
exceed the value of the land on the construction date 
and the betterment charges shall not exceed one-half of 
such increase in value. 


Explanation :—for the purpose of this section the 
State Government shall by notification in the Official 
Gazette specify :— 

(a) the date of the commencement of construction 
of improvement or extension of a canal as the construc- 
tion date ; 

(b) the date of completion of the construction, im- 
provement or extension of a canal as the completion date. 


Procedure for levy of betterment charges 

At any time after the expiry of one month from the 
date of publication of the notification referred tn section 
8, the Government may cause a schedule of betterment 
charges to be prepared for all lands included in an 
irrigation scheme showing the rates at which the 
charges shall be leviable and payable by the land owners 
and persons having interest thereon and the properties 
in which the charges shall be so payable. 


Provided that the total amount of levy on the total 
land in respect of any particular scheme will not exceed 
the total amount spent on the schemes by the Government 
including interest charges for the number of years in 
which the betterment charge is to be recovered in equal 
instalments. 


Annexure II — Basis for Betterment Levy 


The following statement summarises the basis of 
betterment levy in respect of the following States : 


State 
No. 


Basis of Levy 


Acts 
Degree of benefits conferred on 
lands ; object is to recover the initial 
cost of scheme in full or in part. 


Assam 


~ 


2. Increase in capital value of land on 
the completion date over that on the 
construction date (or commencement 


of work). 


Bombay 


Increase in value of land with 
reference to such date prior to Ccommen- 
cement of work and estimated value 
with reference to such other date after 
such completion. 


Punjab 


No. State Basis of Levy 

4. Pepsu Increase in value of land (same as 
Punjab) 

5. Rajasthan Increase in capital value of land 
(same as Punjab) 

6. Mysore Increase in value of land according 
to rule making power in fixing rates. 
Generally, will not exceed Rs. 500/- 
per acre. 

7. Hyderabad Increase in value of land on the 


basis of market rate of dry or wet land 
in the area or its vicinity. 
(Continued on page 30) 


Our Delhi Letter 


(From our own correspondent) 


Flood Control Plans 

The flood control problem for which a very intensive 
programme of protection works has been sanctioned 
and implemented by Government all over the country, 
still occupies a foremost place in the measures taken 
to improve the lot of the common man for whom devas- 
tation by floods has been a recurring scourge. The 
plans evolved by engineers are being put on models at 
the Poona and Malikpur hydraulic stations in order 
to forecast the behaviour of the mighty streams which 
bring the disastrous floods. The techniques have been 
expanded in order to include the aspects which so far 
have not been represented on models. These cover the 
question of silt charge in the flood waters. Various 
types of spurs and revetments have been simulated 
to withstand the attack from the flood waters. The 
atmosphere is however one of suspense and anxiety 
because the factors which create the problem cannot 
be represented on models. One such factor is in evi- 
dence on the Brahamputra river where the town of 
Dibrugarh gets attacked annually. The mountain 
ranges, from which the tributaries of the Dibru river 
flow, geologically speaking, are relatively young. 
The region is, therefore, not at all stable. Earthquakes 
are a constant feature of the region and every earth- 
quake creates upheavals and sinking of the bed of the 
streams with consequent silting and scouring. This 
sudden change in regime besides being unpredictable 
does not allow final solutions to be worked out on 
model tests. The efforts of the engineers have, there- 
fore, necessarily to be limited to the protection of 
obviously vulnerable places. For this purpose, stone 
bunds have been constructed as far as reasonably 
economical. The rest of the bunds have been made with 
locally available material like bamboos, trees and 
brushwood. 


As the transportation of the material is a major 
bottleneck in the construction of these protective work 
the Central Board of Irrigation and Power Research 
Committee had suggested the use of soil cement for 
the construction of these works. This type of con- 
struction requires intimate correlation with scientific 
analysis of the materials and close supervision by 
engineering and research staff to secure the desired 
degree of uniformity of fixing and compaction. It is 
to be hoped that further initiative will be taken in this 
direction and the cost of the works considerably 
reduced by the adoption of this proved material. 


Regarding the Kosi,,the embankments which are 
being made must be regarded as a temporary solution 


because the amount of sediment that this river 


brings into the plains is far too much to permit the 
regime flow conditions in a confined bed. Hence the 
abandonment of the high dam in the Kosi gorge can 
at best be regarded as a postponement. Control of 
the volume of floods by means of a storage reservoir 
would alone have enabled the achievement of the 
requisite restraint on the vagaries of the flood channels. 


Looking at the models of these works at Khadak- 
vasla hydraulic station and Malikpur, one feelsenthused 
that the scientific quest must one day be rewarded 
with effective solution. Since the taxpayers’ money is 
being spent on very heavy rate on these projects it is 
of the utmost importance that people are taken into 
confidence about the real difficulty of the problem. 
It would not be right to paint a rosy picture and say 
that a final control over the flood calamities has been 
secured. One is sometime apt to be amused at the 
degree of over-confidence with which the enthusiasts 
of the embankment school of thought predict their 
final victory. 


A problem of a smaller magnitude, which brings 
equally great devastation and inconvenience, is to be 
seen in the choes of the Hoshiarpur District in the 
Punjab. These little streams are dry for ten months 
in the year and come down in raging floods during 
the monsoon bringing a lot ef sediment with them due 
to lack of afforestation. The sediment sweeps the 
beds of the torrents in an ever changing course and big 
encroachments are made on fertile land and houses 
and shops. Some of the bridges of the railway and 
road get completely choked and flooding of the country 
side results causing immediate loss of life and pro- 
perty and subsequent inroads of malaria and insanita- 
tion. The Government of India, on the representation 
of the Punjab Irrigation Branch have permitted a 
large field experiment to be carried out for the train- 
ing of these choes. The scheme broadly consists of con- 
fining the discharge of these torrents into selected 
channels by a system of bunds and cuts. This type of 
work enables a large contribution to be made by the 
local people who are adversely affected. Although 
there is a good deal of controversy about the eventual 
success of these methods, it is a good and desirable 
beginning because the theoretical solutions need to be 
put under the acid test of practice. The work however 
requires a very responsible planning and supervision 
because its failure will not only cause a big financial 
loss to the State but also shake the confidence of the 
people. 


Irrigation and Power in the Second Plan 
Encouraged by the success of the First Five Year 
Plan, the Planning Commission have indicated that 
they are ready to embark on the 2nd Five Year Plan 
with greater vigour and in a three times increased 
scope. A big portion of the plan is again built round 
Irrigation and Power Projects. The mere fact that 
India has become temporarily selfsufficient in food, 
need not minimise the dangers that would again raise 
their heads once the monsoon fails or is over-active. 
Drought and floods still constitute a big menace, 

which can upset the delicate knife-edge balance. 


Hence the dictates of realism must still remain 
paramount and no relaxation of the tempo or the 
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targets can be permitted. As it is, there are vast de- 
serts in the country stretching from Delhi into Rajas- 
than, where the simple and sturdy sons of the soil 
thirst for every drop of water and man and beast 
quench the thrist of the body in washing and drink- 
ing from the same dirty pool. Real prosperity can 
only emerge when the deserts of Rajputana are con- 
verted into smiling gardens like California in U.S.A. 
and Lyallpur and Montgomery in West Pakistan. 


All this is feasible now that hydel and thermal 
power (and atomic power) are increasingly in the 
horizon. But the fruition of this ambitious goal is 
contingent on a lot of preparatory work being first 
put through. Topographical surveys, soil surveys, 
load surveys and above all man power planning must 
be developed in a business-like manner to a degree 
where the preparation and execution of projects is 
reduced to a science and technique from which the 
best results can confidently be expected. 


Delegation to U.S.S.R. 

Great honour and recognition have been shown to 
Irrigation and Power representation in the 14-man 
delegation of technical experts who accompanied the 
Prime Minister’s party in his historical visit to U.S.S.R, 
Europe and U.K. It was only proper that in this 
economic resurgence of Asia, Indian technical leader- 
ship plays its full part. In Mr. Kanwar Sain, A. C. 
Mitra, and M. Hayath, India has confidence regarding 
prceper spokesmanship, vision and courage. It is to be 
hoped that on their return, these engineers speak 
out their minds boldly and effectively, so that a correct 
perspective results and the barriers of red-tape and 
narrew financial considerations do not impede the 
course of development which the Journal of Power and 
River Valley Development have been advocating 
ever since its inceptien. 


Third Seminar of Enginners 

The Third Engineers’ Seminar held at Srinagar 
during the middle of July, 1955 is a token of the 
great upsurge of thought that has welled up in the 
engineering community incharge of the country’s 
River Projects. On its agenda the principal items 
are a proposal for a National Construction Corpora- 
tion and important changes in the Organisation and 
Administration of River Valley Projects. The ques- 
tion of the strength of technical personnel in various 
categories is also receiving attention. Another princi- 
pal item is the question of rates and costs. This has 
been gone into in great detail in order to explore ways 
and means for remedying some of the defects in the rate 
structure of the various non-standard schedules 
which are prevailing on the various projects. For this 
purpose a committee had been appointed by the 
Government of India over a year ago ‘‘to evolve a 
comprehensive standard schedule of rates including 
detailed analysis of such rates for the major items 
which can be used as a basic schedule for all projects”. 
The committee of experts who had been appointed 
for the purpose have got out the first part of their 
report dealing with rates and costs. 


New Era in River Valley Projects 

It has to be admitted that India is on the thresh- 
hold of a new era so far as the River Valley Projects 
are concerned. The principal factor that operates in 
the economy of India is admittedly the monsoon, 
which is notoriously uncertain and variable. Certain 
regions receive not even a fraction of their annual 
statistical share. On the other hand many regions 
get such copious rainfall in severe intensity that the 
rivers and torrents over-flow their banks and submerge 
and devastate huge areas of land. The toll that is taken 
of the crops, houses and other properties including live- 
stock and human beings is enormous and it is quite 
customary to hear eloquent appeals from the country’s 
leaders to donate help for the relief of the stricken 
people. The River Valley Projects are, in the ultimate 
analysis, meant to provide all the insurance against 
the vagaries of the monsoon. Simultaneously they 
have to generate hydroelectric power which is to solve 
the problem of the country’s industrial prouction. It 
is just as well that the Second Five Year Plan of India 
is giving further impetus to the programme of river 
Valley Project construction which figured so promi- 
nently in the First Five Year Plan. 


Socialistic Pattern 

The time has come when the socialistic pattern 
of Government should make it essential that we 
proceed boldly with the various projects and fullest 
initiative is displayed in the undertaking and com- 
pletion of the outstanding 20 or 30 projects in the 
various parts of the country. Paucity of funds for 
these projects cannot be allowed.to form an insur- 
mountable stumbling block in the way of their pro- 
gress. It is a well known fact that returns from 
projects within a few years after their completion 
will offset the capital outlay without any element of 
doubt. Hence if the country has to embark on a really 
bold programme of construction the financial deficit 
may well be made up by borrowing or by deficit 
financing. Not long hence the projects that are al- 
ready completed will yield enough return to fill up 
the gap. Meanwhile the additional production of 
food grains and electric power will make it impossible 
that any objectionable degree of inflation may take 
place. The confidence of the people and their enthu- 
siasm for completion of the programmes are the 
main pillars over which the edifice of River Valley 
Projects can be securely founded. 


Need for Publicity 

For this purpose it is essential that great publicity 
may be arranged so that all sections of the people 
become aware of the urgent programmes of river 
valley projects. The people of the country are no 
longer idle spectators in the field of development. 
They look out for possible weaknesses or lapses on the 
part of the planners and executives and it is indeed 
a poor state of affairs if they are not taken into con- 
fidence at a sufficiently early stage when any failures 
are anticipated. The health of a democracy is based 
on an element of mutual confidence and spirit of 
comradeship. It is by this spirit that India expects to 
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achieve her objective of raising the standards of living 
of her people by their cooperative efforts. 


Personnel still the main bottleneck 

The course of progress on the various prcejects 
has made it more clear than ever before that the 
requirements of personnel for the various projects 
are much greater than has ever been believed in our 
past experience. When the country wants to advance 
simultaneously on the projects in every province or 
state, the total requirements are bound to be much 
larger than has been previously admitted. Again, 
it is short sighted economy to let a project linger on 
simply on account of want of personnel. The interest 
and depreciation charges on the large jobs mount up 
so rapidly on account of the machinery element that 
it now pays to save every single day out of the target 
period fixed for every project. For this purpose there 
has to be complete elasticity in the organisation and 
its expansion or contraction must conform to the 
requirements of the job. It is a well known fact that 
the requirements of every job demand seasonal in- 
creases in the manpower employed on the job. Such 
variations are functions of the seasonal characteristics 
of every job and a wise organisation is always ready 
to take advantage of all favourable elements in erder 
to expedite the ultimate completion of the job. For 
this purpose elasticity and flexibility are two essential 
requisites of the organisation and the engineers in 
charge of projects must be able to adjust the organi- 
sations. This presumes complete delegations to the 
Head of the Organisation to be able to recruit more 
persons or disband some personnel. At present it is 
well-known that weeks and months elapse before the 
demand of the job-can be suitably met. Itis high time 
that Government Organisations modify their rules so 
as to fall in line with the requirements of speedy 
construction methods. 


Speedier completion of projects 

Two items have great importance in the River 
Valley Projects. The first of these two is the speedier 
completion of the remaining work on the various 
projects already under taken in the different parts of 
the country. This should be pursued asa matter of out- 
riding importance because on its successful culmination 
depends the confidence of the people. With these 
projects completed, India will become much more 
self-sufficient in the question of food and power. 


Policy for flood control works 
The second item is the question of dealing with 
floods. There can hardly be any simple way in which 
the angry moods of nature can be met in the various 
regions of the country. Generally nature takes man 
unprepared. It is, therefore, important that the general 
question of flooding and drainage be tackled all over 


— 





the country in a scientific and realistic manner. Fer 
this purpose the efforts and will of the local people 
and their leaders in the field of adminstration and 
technique are allimportant. No solution imposed by the 
centre can succeed as easily as the efforts of the people 
themselves. The guiding principle would be that 
technical data and research be vetted by the Centre 
in coordination with the State Organisations. The 
basic factor is that the people inhabiting the threaten- 
ed and vulnerable areas should themselves become alive 
to the urgency of the problem. Moreover, the 
constructive efforts should not remain confined only 
to the months soon after the tragedy but the con- 
sciousness should prevail all through the 12 months 
and time should be gained in order to construct 
defences well in advance of the expected attack. 
It is a matter of common observation that the stricken 
people start repairing and rebuilding their houses 
at the very spot where they had been taken unawares 
by the floods. ‘The recurring expenditure of 
repairs and the losses that have to be faced on 
account of the incidence of attack whenever the rivers 
get flooded make it essential that more radical solu- 
tions be adopted. The problem is not very different 
from the case of a patient who eventually decides to 
undergo an operation of the organ which continually 
gives him disease and trouble. Now that the Union 
Minister for Irrigation and Power has emphatically 
pronounced that the habitations which are situated 
in the low lying areas must be physically removed and 
shifted to relatively high ground available in the vici- 
nity, it will be a matter of few years that much of 
the misery that is now inevitable will have disappeared. 
for ever. 


Vital stage of Bhakra Nangal 

The country’s biggest River Valley undertaking 
namely, the Bhakra Dam Project, is reaching a vital 
stage as the layout and erection of the Construction 
Plant has nearly been completed. In less than three 
months the operation of pouring concrete in the founda- 
tions will be started so as to complete the massive 
structure in the succeeding four years. Five million 
cubic yards of concrete are to be poured and this 
big drama will certainly attract the attention of the 
whole country. With the special foundation problem 
which the Bhakra Dam has presented, India will 
justifiably feel proud of the achievement and this 
dam will be the forerunner of many other dams in 
the length and breadth of the country. It is important 
that the organisation which is managing this giant 
undertaking will be able to offer its experience for 
utilisation on other projects of the country. In fact 
after the Bhakra Dam is completed there will be 
hardly any necessity for importing foreign experts 
for executing the River Valley projects, except in the 
role of consultants on some of the intricate problems. 
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(Continued from page 10) 


Statement V.L. 





Statement of Reservoirs: information extracted from C.BI.P. No. 5% 
Very Low Silt Deposit 
(16 Cases) 
S.No. Name of State Annual Catch- Contents % Geology or Croping Slope 
asin Reservoir Silt per ment Area M.C.H. Run- Nature of 
CBIP Sq. Miles. Sq. Miles off Rock Soil 
No. 51. (C. Ft.) etc. 
47 Dhupdal Bombay 5,700 1,080 1,470 1.2 ng. Cultivated n.g. 
161 Paricha* U.P. 4,500 10,400 2,200 0.7 Granite M. M. 
162 Dhukwan U.P. 4,000 8,240 2,400 1.0 Granite M. M. 
163 Bariapur* U.P. Nil 7,700 200 0.07. ng. n.g. n.g. 
164 Gangao Sak 3,500 7,200 2,100 0.8 n.g. n.g. n.g. 
165 Lachura* U.P. 1,500 3,240 740 0.5 ? n.g. n.g. 
107 Ghaggar ur. Nil 310 5,400 n.g. Rocky n.g. ng. 
168 Pahuj U.P. 4,000 120 320 14 n.g. n.g. n.g, 
10g Barwa-Sagar ie J 9,000 71 3600 28 n.g. 1.g. n.g. 
172 Tendula & Sukha M.P. 7,500 319 9,800 66 ? Jungle M. 
174 Maram Silli M.P. 7,000 187 5,700 65 Granite n.g. n.g. 
Vindhya 
175 Khairabad M.P. Nil 16.5 550 55 Gneiss n.g. M. 
184 Pindraon mr. Nil 9.8 370 58 M. ng. M. 
194 Pangri M.P. Nil 3.3 go 43 Med Jungle Steep 
201 Maroda M.P. 5,000 ‘7 50 na Soft Partly n.g. 
207 Abhanpur M.P. 2,600 10 23 Soft n.g. Flat 
*There is an upper reservoir on the same river in these cases. 
Basis for Betterment Levy 
(Continued from page 26) 
BILLS 12. West Increase in the capital value of 
8. Andhra Increased value of land equated Bengal land resulting from the execution 
to 25 times the net additional income of the development schemes—excess 
minus expenses incurred. of value on date of completion cver 
g. Madras Increase in capital value of land Gut on the date of commencement of 
— , of execution. 
equated to 10 times annual increase 
in gross produce based on the average , : 
, ; oes : 13. Saurashtra Increase in land value ; betterment 
of prices prevailing during three ~- a 
waited cae’ a rae levy at Rs. 100/- to Rs. 250/-per acre 
years preceding commencement and 
Spinipingges ; of the commanded area or nearly 
three years after completion. : . : 
4 cost of the project —more related 
10. Travancore ‘The annual increase in the gross to capital cost of scheme. 
-Cochin produce of each class of land which 
will to estimated with reference to the 14. Madhya Increase in land value (as in 
average of prices prevailing during Bharat Punjab). 
the 15 years immediately preceding , 
the date of such estimate. 15. Bihar Increase in land value (as in Punjab). 
Ir. Orissa Based primarily on the increased 
yield that different classes of land will -.16. Himachal Portion of the cost of the project. 
give under irrigated conditions. Pradesh 





Editorial 


River Valley Development and Forestry 


Soil erosion is admittedly one of the gravest causes 
of floods. The role of forests in flood control needs 
to be appreciated much more than is done at present. 
Possibly a relatively lesser attention paid in this 
direction is due to the fact that this method is a 
longer and persevering one compared to the others. 
But the more the subject of flood control is studied 
the more convinced would one become of the all-im- 
portant influence of forests and vegetal cover over 
land. 


The Fourth World Forestry Congress held in India 
at Dehra Dun last year gave considerable time to 
discussing this very impcrtant topic. Regarding the 
protective role of forests, the Congress states inter alta 
that ‘‘Forests and the grasslands frequently associated 
with them in nature afford in some cases protection 
that they alone can provide (lands naturally best 
suited to permanent forestry), e.g., protection against 
the desiccating effects and erosive action of winds ; 
protection in mountain regions against avalanches 
and rock falls; protection of springs and the steep 
banks of water courses; the stabilisation of moving 
sand ; and perhaps even an improvement in the purity 
of air in the neighbourhood of towns.”’ 


It is therefore necessary to study the various effects 
of the forest and forest-grazing lands on soil, water, 
climate, etc. The Forestry Congress, therefore, re- 
commended : 


(i) That research on forest influences, particularly 
in catchment areas be pursued or initiated in 
all parts of the world with a view to deter- 
mining the influence of types of vegetation, 
extent of afforestation, treatment of the forests 
and grazing lands, and other factors, on water- 
supplies and erosion. 


*‘(7) That such research be undertaken on compa- 
rable methods to be studied by the appropriate 
international organisations, involving the ful! 
participation and co-operation on the part of 
all interested technicians, e.g., meteorologists, 
hydrologists, agriculturists and foresters. 


“(1it) That F.A.O. in collaboration with IUFRO 
and, if necessary, with other scientific inter- 
national organisation such as UNESCO, under- 
take to collect and synthesise results of ex- 
periments and observations already available 
from a number of countries; to disseminate 
such information for the furtherance of re- 
search and for the guidance of countries in 
their policy of land use including conservation 
of existing forests and afforestation.” 


As regards catchment basins of rivers, the Congress 
states : 


“The protection of steep slopes in catchment basins 
is one of the instances where the forest cover is in- 
dispensible. In regions that are over-populated or 
excessively grazed, forests or grazing lands are often 
degraded or even completely destroyed. Any valley 
development project aiming at the utilisation of 
natural water-supply entails the restoration and the 
maintenance of the lands cencerned through their 
protection by an adequate cover, not only to the 
benefit of the engineering works involved but also 
to that of the local population. 


Consequently this Congress recommends : 


“(?) That where valley development projects are 
undertaken, prior attention be given to the 
catchment from forestry angle, with a view 
to reduction of costs, better efficiency and 
longer life of the engineering works in- 
volved. 


“(it) That in catchment basin control, close co- 
operation between engineers, foresters and 
agriculturists be accepted as essential for 
preparation of a comprehensive plan of land 
use, an adequate topographical map being 
equally essential. 


That, as finance is a limiting factor, investiga- 
tion of the cost of the minimum essential 
work and of probable value of the return to 
be expected from protective works be under- 
taken. 


“(ii 


— 


“(iv) That social conditions, land use systems and 
agricultural practice of the affected popula- 
tion be given due weight. 


“(v) That F.A.O. help in spreading technical 
knowledge on torrent control and catchment 
area management, by organising in the vari- 
ous regions Working Groups similar to the 
Working Group on torrent and avalanche 
control of the European Forestry Commis- 
sion. These groups would work in close co- 
operation with other International Organi- 
sations interested, such as the ECAFE in the 
Far East.” 


It will thus be seen that quite a lot remains to be 
done in this respect. In fact sufficient emphasis in 
this direction has yet to be laid in our river valley 
projects. 











Book Review 


the ECAFE 
§ 0.800. 


Rural Electrification. prepared by 
United Nations Publication, price : 


The present report analyses the problem of rural 
electrification in the ccuntries of the region. Various 
technical and economic questions relation to electric 
power development in rural areas are discussed and 
suitable methods and practices are suggested. The 
financial considerations relating to rural electrification 
projects are dealt with in some detail as finance is the 
greatest single obstacle faced by all the countries. 
The report points out that, for a number of reasons, 
the economics of rural electrification schemes cannot 
be judged on the same basis as those of ordinary com- 
mercial enterprises and that it accordingly appears 
necessary for the governments concerned to accept the 
main responsibility for promoting rural electri- 
fication and for bearing the financial burden involved 
through one or other of the various methods described 
in the report. 


The publication has a number of very useful charts 
and appendices relating to technical aspects. 


Annual Bulletin of the International Commission on 
Irrigation and Drainage, 1954 published by the 
Secretary General from 1, Old Mill Road, New 
Delhi-1. Price Rs. 10/- 


The Bulletin contains, as usual, some excellent 
contributions on irrigation and drainage problems in 
many parts of the world such as India, Thailand, 
Netherland, Switzerland, France, Morocco, Israel, ete. 
Some of the welknown contributors include Dr. Charles 
Jaeger, Dr. N. K. Bose, Kanwar Sain, Dr. L. J. L. 
Deij, D.V. Joglekar, Otto Huber, M. Ram, C. H. 
Dobbie and many others. Research activities in various 
countries have also been described. The Bulletin 
also contains technical of the Second 
Congress on Drainage and Irrigation. 


discussions 


Indian Journal of Meteorology and Geophysics. 
(Geomagnetic Number), published by the Indian 
Meteorological Department, available from Manager 
of Publications, Civil Lines, Delhi, price Rs. 6/-. 


This is a special number commemorating the 
Golden Jubilee of the Magnetic Observatory at Alibag, 
Bombay 


The Colaba and Alibag Observatories together 
provide continuous records for over a century for a 
station near the geomagnetic equator. Among the 
contributions made by India to the progress of this 
branch of science may be mentioned the discovery 
by Broun of the 27-day period in the daily variations 
of the earth’s magnetic field from Trivandrum obser- 
vatories, the study of daily lunar variations and its 
dependence on solar time by Broun and Chambers, 
and of the time variations of the magnetic field asso- 
ciation with magnetic storms which was initiated by 


Chambers and worked out later in great detail by 
Moos. 


It is therefore quite befitting to celebrate the occa- 
sion. The large number of eminent meteorologists 
from abroad who have either contributed to this 
issue or sent their felicitations shows how greatly 
this work is appreciated. The special issue itself marks 
a great step and we convey our greetings to the 
Meteorological Department for bringing out this 
Number, in addition to the very important work that 
it is doing in this sphere of science. 


‘The issue contains 25 original contributions. 


Irrigation and Agriculture in the First Five Year Plan 
An Appraisal Vol. II by N. S. Joshi, B. E. (Civil), 
M. R. San, (Lond) and B. R. Dhekney, M.A. Ph. D. 
published by Deccan Book Stall, Poona-4, pp. 
170 price Rs. 3/-. 


We have already reviewed the Vol. I of this book 
previously in this journal (Vol. V. No.1). This 
second volume deals with subjects like: Adequacy 
of Capital for Irrigation Works, Duty of Waterand Out- 
turn by Irrigation and Manures; Limitations in Addi- 
tional Produce by Irrigation and Manures; Discharging 
Capacity required by Canals ; Distribution of Irriga- 
tion Benefits, Utilization of Irrigation Facilities 


The arguments and marshallingof facts in the pre- 
sent volume are as effective and challenging as in 
the previous one. One would have wished that the get 
up of the book were better and printing mistakes 
fewer. 


River Behaviour, Control and Training (Synopsis) 
published by the Central Board of Irrigation and 
Power, pp. 25. 


A considerable amount of work on river training 
has been done in India, and description of these have 
been published in the Annual Technical Reports of 
various Research Institutes and of the Central Board 
of Irrigation and Power. However, the need of a com- 
prehensive manual covering all aspects of river beha- 
viour, control and training has long been felt and the 
work of compiling such a comprehensive manual 
has now been entrusted by the Board tc the Director, 
Central Water and Power Research Station, Poona. 
This manual is under preparation with him and, for 
the time being, the Board has decided to issue this 
pamphlet which gives in nutshell, a general idea of the 
subject and the problems involved. 


As a brief review of the types of rivers and the 
variety of problems and methods and principles of 
training, etc, this is an excellent summary. 


Book Received 


Segmental Squares by D. Lazarevic, published by 
Institute of Hydraulic Engineering, Yugoslavia. 
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